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The  objective  of  the  progra^ covered  by  Contract  No.  N00014-73-C-0201  I 
^s  the  development  of  a synthetic  polymer  burn  covering  which  will  reduce  . 

dehydration,  sepsis,  sodium  loss,  scar  formation  and  mortality  of  bum  pa- 
tients. , 

Wvo  approaches  were  successfully  investigated.  The  first  utilizes  a 
solution  of  poly-e-caprolactone  (PCL)  which  when  applied  immediately  after 
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burn  by  wiping  or  brushing,  leaves  a protective  film  of  PCL  after  the  solvent 
evaporates.  This  film  reduces  water  loss  and  trauma  from  the  burn  and  pro- 
motes healing.  U.S.  Patent  3835308  was  Issued  January  27,  1976  covering 
this  development.  Initial  reports  from  pig  tests  at  NMRI  indicated  that  the 
best  PCL  wlpe-on  coating  tested  gave  significant  improvements  in  healing  and 
reduction  of  scar  formation. 


The  second  approach  Involved  the  preparation  of  a synthetic  tempor- 
ary skin  graft.  This  was  made  from  a plasticized  PCL  film  laminated  to  a 
cut  plush  fabric  which  in  turn  had  been  knitted  from  PCL  fiber.  The  polymer 
for  both  film  and  fiber  was  high  molecular  weight  PCL  synthesized  with  the 
biocompatible  initiator  diethyl  zinc.  This  laminate,  particularly  when  cut 
on  the  bias,  conforms  well  with  minimum  puckering  to  complex  shapes  such  as 
a rat's  back  or  a person's  knee  or  elbow.  A few  days  after  application  to 
full  thickness  excision  wounds  on  rats  the  laminate  can  be  removed  with 
minimal  damage  to  the  new  tissue  formed  beneath. 

The  grafts  were  dry  to  the  touch  and  well  tolerated  by  most  of  the 
rats.  No  unusual  inflammation  was  noted  other  than  occasional  slight 
pockets  of  infection  where  the  grafts  did  not  adhere  to  the  rat's  back  due 
to  creases. 

The  PCL  fabric  laminate  appears  to  have  significant  advantage  over 
human  skin  and  porcine  skin  with  respect  to  infection  and  the  incidence  of 
) rejection.  Further  investigation  of  both  approaches  is  recommended  since 
i this  will  be  clearly  in  the  best  interests  of  the  Navy  and  the  general 
j public. 
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Section  1 


SUMMARY 

The  objective  of  the  program  covered  by  Contract  No.  N00014-73- 
C-0201  is  the  development  of  a synthetic  polymer  bum  covering  which  will 
reduce  dehydration,  sepsis,  sodium  loss,  scar  formation  and  mortality  of 
bum  patients. 

Two  approaches  were  successfully  investigated.  The  first 
utilizes  a solution  of  poly-e-caprolactone  (PCL)  which  when  applied  immedi- 
ately after  burn  by  wiping  or  brushing,  leaves  a protective  film  of  PCL 
after  the  solvent  evaporates.  This  film  reduces  water  loss  and  trauma  from 
the  bum  and  promotes  healing.  U.S.  Patent  3835308  was  Issued  January  27, 
1976  covering  this  development.  Initial  reports  from  pig  tests  at  NMRI 
indicated  that  the  best  PCL  wlpe-on  coating  tested  gave  significant  improve- 
ments in  healing  and  reduction  of  scar  formation. 

The  second  approach  involved  the  preparation  of  a synthetic 
temporary  skin  graft.  This  was  made  from  a plasticized  PCL  film  laminated 
to  a cut  plush  fabric  which  in  turn  had  been  knitted  from  PCL  fiber.  The 
polymer  for  both  film  and  fiber  was  high  molecular  weight  PCL  S3mtheslzed 
with  the  bioconq)atible  initiator  diethyl  zinc.  This  laminate,  particularly 
when  cut  on  the  bias,  conforms  well  with  minimum  puckering  to  complex  shapes 
such  as  a rat's  back  or  a person's  knee  or  elbow.  A few  days  after  appli- 
cation to  full  thickness  excision  wounds  on  rats  the  laminate  can  be  removed 
with  minimal  damage  to  the  new  tissue  formed  beneath. 

The  grafts  were  dry  to  the  touch  and  well  tolerated  by  most  of 
the  rats.  No  unusual  Inflammation  was  noted  other  than  occasional  slight 
pockets  of  infection  where  the  grafts  did  not  adhere  to  the  rat's  back  due 


to  creases. 


The  PCL  fabric  laminate  appears  to  have  significant  advantage 
over  human  skin  and  porcine  skin  with  respect  to  Infection  and  the  Incidence 
of  rejection.  Further  Investigation  of  both  approaches  Is  recommended  since 
this  will  be  clearly  In  the  best  Interests  of  the  Navy  and  the  general  public. 
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Section  2 


INTRODUCTION 


The  prompt  treatment  of  major  flesh  burns  to  reduce  shock  and 
trauma  caused  by  shipboard  fire  and  explosions  are  of  prime  interest  to  the 
Office  of  Naval  Research.  The  inability  of  burned  skin  to  function  as  an 
effective  barrier  to  evaporative  water  loss  and  sepsis  contributes  signifi- 
cantly to  the  mortality  resulting  from  major  bums.  It  has  been  shown  that 
the  average  evaporative  water  loss  for  patients  whose  second-  and  third- 
degree  bums  range  from  18  to  40  percent  of  the  body  surface  is  almost  3300 
ml/24  hrs.  for  a 50  percent  burn  (Reference  16).  This  loss  requires  a com- 
pensating energy  expenditure  of  approximately  1900  calories  to  maintain 
temperature,  and  to  counteract  this  depletion,  metabolic  reserves  are 
mobilized  and  muscle  protein  and  fat  losses  occur  unless  heat  is  supplied 
artificially.  In  the  short  run  this  process  can  result  in  shock.  In  the 
long  run  any  such  losses  contribute  to  the  debility  of  the  patient,  delay 
wound  healing,  and  Increase  the  susceptibility  of  the  patient  to  disease. 

The  objective  of  the  program  covered  by  contract  no.  N00014-73- 
C-0201  is  the  development  of  a synthetic  polymer  burn  covering  which  will 
reduce  dehydration,  sepsis,  sodium  loss,  scar  formation  and  mortality  in 
bum  patients.  The  target  material  is  to  be  producible  at  low-cost  and  in 
large  quantities  so  as  to  be  immediately  available  in  event  of  large-scale 
disasters. 


From  the  inception  of  the  program  on  February  1,  1973,  work  has 
been  concentrated  on  two  approaches.  First  is  the  development  of  a solution 
of  a plastic  that  can  be  applied  immediately  after  the  bum  by  wiping  or 
spraying  it  onto  the  burned  area.  After  evaporation  of  the  solvent,  the 
protective  film  left  limits  water  loss  from  the  burned  area  and  reduces  the 
trauma  from  the  bum.  The  second  approach  is  the  development  of  a covering 
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to  be  applied  to  the  burned  area  after  debridement  and  excision  of  the 
burned  tissue.  This  coating  is  meant  to  be  temporary.  It  should  prevent 
desslcatlon  and  promote  the  formation  in  the  underlying  wound  bed  of  a 
viable,  well-vasculated  interface  free  of  sepsis  which  will  be  suitable  for 
the  application  of  skin  grafts  taken  from  other  areas  of  the  patient's  body 

Human  and  porcine  skin  have  been  successfully  used  in  the  treat 
ment  of  major  second  and  third-degree  bums.  However,  major  problems  with 
availability,  expense  and  handling  have  made  apparent  the  need  for  a syn- 
thetic bum  covering  that  is  easily  manufactured  in  large  quantity  and  can 
be  stored  for  long  periods  without  freezing  or  other  specialized  methods 
(References  17,  18,  19). 

Many  materials  and  composites  have  been  tried  — polyurethane 
foam  laminated  to  films  of  silicone  rubber  or  to  films  of  polypeptides, 
collagen  or  polyvinyl-alcohol.  A variety  of  forms  — foams,  film,  velours, 
and  sponge  — have  been  investigated  (References  20,  21,  22,  23).  At  the 
present  time,  there  is  no  satisfactory  replacement  for  natural  skin,  human 
or  porcine,  in  the  treatment  of  major  skin  wounds. 

The  desirable  characteristics  of  any  synthetic  covering  are 
listed  in  Table  2.1. 
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The  specific  tasks  proposed  for  the  fifth  year  are  quoted  below: 


Task  1 - Continued  Testing  and  Evaluation  of  Immediate  Post-Bum  Wipe-On 
Treatment  System. 

Close  communications  and  assistance  with  the'  pig  testing  at  NMRI 
will  be  an  Integral  part  of  the  program.  Techniques  will  be  used  to  quan- 
tify the  results  on  animal  testing  such  as  resistance  hygrometry,  use  of 
14 

C labelled  proline  to  measure  quantitatively  the  rate  of  wound  healing 
14 

and  of  C-poly-e-caprolactone  for  evaluation  of  possible  polymer  up-take. 

A practical  applicator  for  wlpe-on  fluid  will  also  be  developed. 

Task  2 - Complete  Preparation  and  Evaluation  of  Poly-e-caprolactone  Fabric/ 
Laminate  Burn  Covering. 

Work  on  this  task  will  continue,  but  at  a substantially  reduced 

level.  Special  attention  will  be  given  to  the  completion  of  all  polymer, 

yarn  and  fabric  preparation  during  this  present  contract  year.  Evaluation 

of  selected  fabric/laminates  on  animals  will  be  carried  out.  Including 

14 

adherence  measurements  and  determination  of  C labelled  prollne  Ingrowth 
into  the  fabric. 

Task  3 - Supply  Samples  and  Coordinate  Work  with  NMRI. 

The  Contractor  shall  maintain  close  coordination  between  work  at 
NMRI  on  swine  and  the  burn  covering  testing  and  evaluation  at  Dynatech. 
Samples  will  be  supplied  to  NMRI  and  results  using  this  material  on  smaller 
animals  and  other  tests  will  be  well  documented. 

Task  4 - Evaluation  of  Bum  Covering  Materials  in  Anticipation  of  Clinical 
Trials. 

Standard  sterilization  procedures  will  be  evaluated  and  tested 
on  both  the  wlpe-on  and  the  fabric/lamlnate  burn  treatment  systems.  Radia- 
tion sterilization  and  ethylene  oxide  sterilization  trill  be  evaluated. 
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Appropriate  FDA  staff  will  be  contacted  to  determine  potential  requirements. 
Communications  with  FDA  staff  on  other  blomaterials  development  programs 
have  proved  to  be  valuable  In  anticipating  regulatory  requirements. 


This  final  report  covers  the  progress  during  the  period 
January  1,  1977  through  December  30,  1977.  The  prior  work  is  sunmarized 
and  previous  reports  are  referenced  for  details.  The  work  on  the  wlpe-on 
treatment  system  Is  covered  In  Section  3;  that  on  the  poly-e-capro lactone 
(PCL)  fabrlc-PCL  film  laminates  is  covered  in  Section  4.  Section  5 lists 
previous  reports  on  this  project,  all  publications  and  references  pertinent 
to  this  final  report.  Copies  of  patent  disclosures  and  U.S.  Patent 
3,935,308  which  Issued  as  a result  are  given  In  Appendix  A. 


Section  3 


DEVELOPMENT  OF  SOLUTIONS  FOR  IMMEDIATE  POST-BURN  TREATMENT 

3. 1 Introduction 

During  the  first  year  of  this  program.  It  was  found  that  a 20% 
solution  of  poly-e-caprolactone  (PCL)  In  tetrahydrofuran,  when  wiped  onto 
bums  on  rats,  significantly  reduced  Insensible  water  loss  for  up  to  10 
days  and  had  good  adherence.  Films  made  by  applying  two  or  more  coats  did 
not  adhere  as  well  as  those  made  by  applying  only  a single  coat.  (References 
1,  2,  3,  and  4). 

During  the  second  year,  more  extensive  work  with  this  wlpe-on 
system  showed  that  the  PCL  film  stiffened  and  did  not  conform  well  to  the 
animal's  back  and  Its  movements.  Some  of  the  solution  was  packaged  In  an 
aerosol  container  so  the  film  could  be  applied  to  the  burned  area  by  spraying 
rather  than  by  swabbing  or  brushing.  (References  5 and  6). 

During  the  third  year  of  the  project,  work  concentrated  on 
the  development  of  a S3mthetlc  covering  to  be  applied  to  debrlded  and  ex- 
cised wounds,  and  no  work  was  done  on  the  solutions  for  Immediate  post-bum 
treatment . (References  7 and  8) . 

During  the  fourth  year.  It  was  found  that  one  coat  of  a wlpe-on 
coating  containing  10%  by  weight  of  poly-c-caprolactone  (PCL)  dissolved  In 
a 4/1  by  volume  mixture  of  acetone  and  methylene  chloride  significantly 
reduced  Insensible  water  loss  (IWL)  from  burned  and  abraded  areas  on  the 
backs  of  rats.  The  coating  also  appeared  to  promote  healing  especially 
of  abraded  areas.  (References  9 and  11). 

During  the  fifth  year  which  Is  covered  by  this  final  report 
further  study  of  PCL  coatings  have  been  carried  out  on  pigs  at  NMRI  under 
the  supervision  of  Captain  Burgoon  D.V.M.  (USAF).  Progress  has  also  been 
made  In  the  formulation,  testing  and  packaging  of  PCL  wlpe-on  coatings. 
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3.2 


Study  of  Plasticized  PCL  Films 


Initial  data  on  plasticized  PCL  films  was  given  In  Section  3.4 
of  the  Fourth  Annual  Report  (Reference  11).  This  work  has  been  continued 
and  the  results  of  the  current  and  past  work  are  summarized  In  Table  3.1. 

For  the  latest  PCL  wlpe-on  coating  submitted  for  trial  by 
Captain  Burgoon  (see  Section  3.5),  a formulation  containing  33  PHR  of  the 
plasticizer,  trlethyl  citrate  was  selected  as  PCL  films  containing  this  amount 
of  trlethyl  citrate  appear  to  have  ample  strength  for  a wlpe-on  coating 
with  a minimum  Increase  In  water  vapor  transmission  compared  to  films  of 
unplastlclzed  PCL. 

Similar  films  were  used  In  making  the  film-fabric  laminates 
discussed  In  Section  4 of  this  report. 

To  duplicate  the  water  vapor  transmission  (WVT)  of  full  thlck- 

2 

ness  normal  human  skin  which  Is  about  83g  mm/24  hr.-m  (see  reference  4, 

2 

page  16),  a PCL  film  having  a WVT  of  8.5g-!iin/24  hr.-m  should  be  about 
0.1  nm  thick  (4  mils).  The  thickness  of  a one  coat  application  of  the 
I wlpe-on  solutions  being  tested  by  Captain  Burgoon  (see  Section  3.5)  Is 

i 0.02  to  0.04  mm  (1  to  2 mils).  Since  the  eschar  over  the  traumatized  area 

I 

Is  also  a moisture  barrier,  evan  though  not  as  good  as  normal  skin,  the 
water  loss  from  a burned  area  covered  by  both  the  wlpe-on  coating  and  eschar 

I. 

I'  should  be  close  to  that  of  normal  skin. 

3. 3 Solvent  for  PCL  Wlpe-On  Solutions 

The  first  PCL  wlpe-on  solution  tested  was  made  by  dissolving 
PCL  In  tetrahydrofuran.  Aromatic  solvents  are  not  suitable  for  this  appli- 
cation because  of  their  toxicity.  A number  of  solvent  combinations  were 
tested  using  their  solubility  parameters  as  a guide  but  no  satisfactory  com- 
binations of  low  boiling  oxygenated  straight  chain  hydrocarbons  were  found. 
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Duplicate  determinations  made,  one  set  using  polymer  A and  the  second  using  polymer 


Tabic  3.2 

STUDY  OF  SOLVENTS  FOR  POLY«f-CAPROUCTONE 


i 


( 


Volume  Ratio 

of  Solvents 

Solubility  Parameter 

(1) 

Bolling  Pt. 

Solvent 

No. 

Solvent 

In  Mixture 

Ad 

•c 

for  PCL 

1 

Benzene 

— 

9.15 

9.03 

1.48 

79 

yes 

> 

Dloxane 

- 

9.74 

8.55 

4.65 

101 

yes 

3 

Methylene  chloride 

- 

9.53 

8.52 

5,08 

46 

yes 

4. 

Tetrahydrofuran 

- 

9.52 

9.25 

2.28 

78 

yes 

5. 

Acetone 

- 

9.10 

7.49 

5.19 

- 

no 

6. 

Methyl  Acetate 

- 

9.49 

7.56 

5.72 

- 

no 

7. 

Ethyl  Acetate 

-- 

9.10 

7.44 

5.19 

- 

no 

8. 

Methyl  Ethyl  Ketone 

~ 

9.27 

7.77 

5.06 

- 

no 

9. 

Methanol 

- 

14.28 

7.42 

12.40 

- 

no 

10. 

Ethanol 

- 

12.92 

7.73 

10.45 

- 

no 

11. 

Ethyl  Ether 

- 

7.62 

7.05 

2.88 

- 

no 

12. 

Acetone,  Ethanol 

9/1 

10.1 

7.62 

6.5 

— 

Fair,  not  equal 
to  number  15 

13. 

Methyl  Ethyl  Ketone 
Ethanol 

82/18 

9,92 

7.74 

6.04 

— 

no 

14. 

Methyl  Ethyl  Ketone 
Ethanol 

75/25 

10.18 

7.75 

6.41 

— 

no 

15. 

Acetone 

Methylene  Chloride 

9/1 

9.29 

7.65 

5.18 

Yes,  gels  at 
about  15*C 

16. 

Acetone 

Methylene  Chloride 

3/1 

9.29 

7.65 

5.18 

- 

Better  solvent 
than  15 

17. 

Acetone 

Ethanol 

95/5 

9.90 

7.59 

6.35 

- 

Fair  not  equal 
to  number  15 

18. 

Acetone 

Ethanol 

90/10 

10.1 

7.62 

6.5 

- 

delete 

19. 

Methyl  Ethyl  Ketone 
Ethanol 

82/18 

9.92 

7.74 

6.04 

— 

delete 

20. 

Methyl  Ethyl  Ketone 
Ethenol 

75/25 

10.18 

7.75 

6.41 

— 

poor 

21. 

Ethyl  Ether 

Ethanol 

56/44 

9.95 

7.34 

2.90 

— 

no 

22. 

Ethyl  Acetone 

Ethanol 

78/22 

9.94 

7.46 

6.40 

- 

no 

23. 

Methyl  Acetate 

Ethanol 

9/1 

10.17 

7.60 

6.24 

- 

Fair  not  equal 
to  number  5 

24. 

Methyl  Acetate 

Methanol 

9/1 

10.45 

7.53 

6.63 

- 

Fair  not  equal 
to  number  5 

25. 

Methyl  Acetate 

Methylene  Chloride 

4/1 

9.58 

7.75 

5.60 

— 

Gels  at  a lo%^r 
temperature 
than  number  15, 
hence,  beat 
solution  of 
mixtures  tested 

MOTES 

(1)  For  aolublllty  paranetera  for  individual  aolventa  aee  C.  M.  Hansen  J.  of  Paint  Tech  39,  104  (1967). 
Values  for  mixtures  calculated  by  assuming  such  component  contributes  to  the  total  in  proportion  to 
the  volume  fraction  present. 


I 


0 


] 


' I 


However,  both  acetone  and  methyl  acetate  are  satisfactory  solvents  If  mixed 
4/1  by  volume  with  methylene  chloride.  The  4/1  methyl  acetate/methylene 
chloride  is  the  better  solvent  of  the  two  and  is  the  solvent  used  in  the 
plasticized  PCL  wlpe-on  coating  being  tested  by  Captain  Burgoon.  (See  Table 
3.2  for  data.) 

3.4  Measurement  of  Skin  Contact  Temperature  (TC). 

The  Dynatech  R/D  Company  manufactures  a thermesthesiometer 
(Trade  name  Thermotouch)  used  for  measuring  the  temperature  which  skin 
reaches  when  in  contact  with  various  surfaces.  The  instrument  is  construc- 
ted according  to  the  specifications  and  procedure  given  in  National  Bureau 
of  Standards  Technical  Note  816.  The  skin  contact  temperature,  or  TC  value, 
varies  with  the  nature  of  the  surface  coming  in  contact  with  the  skin  as 
well  as  with  its  temperature  and  contact  time.  For  example,  a metal  sur- 
face feels  much  hotter  and  is  more  hazardous  than  a plastic  or  wood  surface 
having  the  same  temperature.  One  of  these  Instruments  was  used  to  deter- 
mine the  TC  value  of  an  iron  similar  to  the  one  used  by  Captain  Burgoon  to 
brand  the  pigs  (see  Figure  3.1).  The  iron  was  heated  in  both  air  and  in 
water  and  was  used  both  wet  and  dry  to  determine  the  dependence  of  TC  on  these 
variables . 

The  results  given  in  Table  3.3  show  the  TC  value  to  be  the 
same  whether  the  iron  is  heated  to  a given  temperature  in  an  oven  or  in  a 
water  bath  and  whether  it  is  wet  or  dry.  We  were  unable  to  test  irons 
heated  in  an  oil  bath  such  as  that  used  at  NMRI  as  any  oil  on  the  iron  would 
damage  the  probe  on  the  Thermotouch  instrument.  However,  if  the  oil  is 
wiped  off  the  iron  carefully,  the  TC  value  would  not  be  expected  to  be 
affected  by  this  mode  of  heating.  Comparison  of  the  results  presented  in 
Table  3.3  with  the  data  plotted  in  Figure  3.2  shows  that  with  the  iron  at 
67®C,  at  least  an  8 second  contact  time  is  required  to  produce  a third 
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Figure  3.1 
Branding  Iron 


Materials; 

1"  dla.  maple  dowel  4"  long  size  0 dla.  drill  1"  deep  In  center  of  end 
3/8-24  tap. 

3/8"  dla.  drill  rod  6"  long  3/8-24  thread  1"  from  each  end. 

2.22  dla.  stainless  steel  iron  2"  long  size  0 dla.  drill  In  center  of 
1 end  1.0"  deep  3/8-24  tap. 


Table  3.3 

Skin  Contact  Temperature  (TC)  Obtained  from  Branding  Iron 
For  Various  Contact  Times  When  the  Iron  is  Heated  In  An 
Oven  and  In  A Hot  Water  Bath^^^ 

i 

1 


Mode  of  Heating  Temperature  of 


Branding  Iron 

Branding  Iron  “C 

Skin  Contact  Temperature, 

Tc  in  “C 

2Sec.  Exposure 

4Sec.  Exposure 

8Sec.  Exposure 

Oven 

67.2  + 0.1 

55.8  + 0.5 

58.3  + 0.5 

1 

60.1  ± 0.4 

Water  Bath 
(Iron  dried 
before  testing 

67.6  + 0.3 

55.3  + 0.1 

57.6  + 0.5 

60.4  + 0.3^^^  : 

i 

Water  Bath 
(Iron  left 

67.5  + 0.4 

55.6 

57.7 

60.5 

wet) 


NOTES! 

1.  See  Figure  3.1  for  sketch  of  branding  iron.  Values  are  given  + the  standard 
deviation.  If  no  + given  after  value  only  one  determination  was  made.  The 
iron  temperatures  were  masured  9,  8,  and  3 times  respectively  for  each  mode. 
The  Tc  values  were  obtained  with  the  Thermotouch  after  calibration.  All 
values  except  those  with  no  + were  obtained  from  the  mean  of  three  readings 
except  were  indicated. 

2.  Average  of  two  readings. 


Fig.  3.2  Physiological  Response  Curve 


degree  bum  on  typical  human  skin.  At  NMRI  (see  Section  3.4)  a 15  second 
contact  time  on  the  young  pigs  was  observed  to  give  a bum  which  is  border- 
line between  2nd  and  3rd  degree  when  the  iron  is  65°C.  Figure  3.2  is  taken 
from  the  NBS  Technical  Note  816  referenced  earlier. 

3.5  Evaluation  of  PCL  Wipe-On  Bum  Coverings  by  NMRI 

Dynatech  engineers  visited  Captain  Burgoon  D.V.M.  on  June  27, 

1977  to  observe  the  tests  of  our  wipe-on  coating  on  young  pigs  burned  with 
a 5.59  cm  (2.22")  diameter  branding  iron  heated  to  65'’C  in  an  oil  bath. 

Each  pig,  10  to  12  weeks  old,  is  shaved  on  both  sides.  The  iron  is  applied 
in  four  places  on  each  side  with  contact  times  of  10,  15,  25,  and  45  seconds 
respectively.  A freshly  heated  iron  is  used  for  each  application.  The 
burns  on  the  left  side  of  the  pig  serve  as  controls.  Those  on  the  right  side 
are  covered  by  brushing  with  one  coat  of  wipe-on  coating  using  a nylon  paint 
brush.  The  burns  were  observed  for  healing  and  photographed  weekly  for  a 
period  of  at  least  two  months.  The  10  second  burn  was  2nd  degree  and  heals 
naturally.  The  15  second  bums  were  borderline  between  3rd  and  2nd.  The 
25  and  45  second  bums  were  3rd  degree  and  heal  only  by  formation  of  granu- 
lation tissue.  A circle  was  tatooed  around  each  bum  to  delineate  the  area. 
Differences  in  the  area  of  the  tatooed  circle  or  between  the  treated  and 
control  burns  during  the  healing  process  are  indicative  of  scar  tissue  forma- 
tion. 


Formulation  26359  containing  no  plasticizer  peeled  off  rather 
easily  and  was  only  marginally  effective.  Formulation  26387  containing 
plasticizer  was  more  adherent  and  significantly  effective  in  promoting  both 
healing  and  reduced  scar  formation.  The  formulations  submitted  are  as 
follows : 
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26359 

26387 

26391 

30284 

Submitted 

Submitted 

Submitted 

Submitted 

01/26/77 

05/23/77 

07/1/77 

09/14/77 

Poly-e-capro lactone 

lOOg 

lOOg 

lOOg 

lOOg 

Triethyl  Citrate 

— 

33g 

33g 

33g 

Methylene  Chloride 

200ml 

300ml 

300ml 

300ml 

Acetone 

800ml 

— 

— 

— 

Methyl  Acetate 

— 

1200ml 

1200ml 

1200ml 

3.6  Applicator  and 

Package  for 

Wipe-On  Solutions. 

The  wipe-on 

solutions  sent  to  Captain 

Burgoon  were 

shipped  In 

cone  Cop  cans  with  1"  (2.54  cm)  diameter  caps  (Freund  Can  Co.  catalogue 
numbers  1908  and  1914).  Captain  Burgoon  stated  that  for  field  use  a similar 
package  with  an  Integral  brush  would  be  more  useful  than  an  aerosol  can. 

Such  a commercially  available  container  Is  a heavy  duty  brush  top  can, 

Freund  Can  Co.  catalogue  nos.  Dl,  D2,  and  D4,  having  respective  capacities 
of  one  quart,  one  pint,  and  one-half  pint.  A 1"  (2.54  cm)  bristle  brush  Is 
supplied  as  an  Integral  part  of  the  caps  of  each  can. 

Captain  Burgoon  also  stated  that  for  hospital  use  an  aerosol 
might  be  useful.  An  attempt  was  made  to  spray  the  wlpe-on  coating  formula- 
tion tested  by  Captain  Burgoon  but  they  were  too  viscous  to  spray  unless 
diluted  2 to  1 with  methyl  acetate.  After  dilution,  the  dryed  sprayed  film 
was  consequently  very  thin  compared  to  the  one  applied  by  brush. 

Toward  the  close  of  the  contract  a lower  molecular  weight  PCL  polymer 
(No.  26393,  Table  4.1)  was  made  to  see  If  a thicker  sprayed  film  could  be 
obtained  from  a solution  of  suitable  viscosity.  Direct  substitution 
of  this  low  molecular  weight  polymer  In  the  solution  formula  supplied  to 
Captain  Burgoon  gave  a film  which  was  too  weak  to  be  useful.  The  work  re- 
quired to  find  the  optimum  molecular  weight  and  plasticizer  content  for  a 
sprayable  wlpe-on  coating  could  not  be  completed  because  of  contract  funding 


limitations. 


3.7 


Absorption  of  PCL  ThrouRh  Traumatized  Areas  on  Rats'  Backs  When 
Applied  Topically  As  A Wlpe-On  Coating. 


14 

In  this  experiment,  a solution  of  C- labelled  PCL  was  applied 
to  burned  areas  on  rats' backs.  Forty-eight  hours  later  the  rats  were  sac- 
rificed and  samples  of  various  tissues  analyzed  for  radloactlclty . Table 
3.4  summarizes  the  results. 

Note  that  no  radioactivity  was  found  In  the  blood,  muscle, 
kidney  or  urine  of  any  animal.  Some  activity  was  found  In  the  dorsal  skin 
of  most  animals.  This  skin  was  sampled  from  directly  beneath  the  wlpe-on 
covering.  However,  two  animals  out  of  eight  had  no  significant  activity 
In  this  skin  area.  It  seems  likely  that  not  all  of  the  wlpe-on  coating 
was  removed  prior  to  testing  the  skin  and  what  Is  measured  Is  residual 
wlpe-on  coating  rather  than  absorbed  PCL.  Activity  was  also  found  In  the 
feces  of  all  rats  except  the  controls  and  In  the  liver  of  all  but  one.  The 
rats  were  not  restrained  prior  to  testing  and  since  they  often  nibble  at 
the  wound  area,  they  probably  Ingested  some  of  the  wlpe-on  covering. 

In  order  to  determine  more  accurately  the  origin  of  the  fecal 
liver,  and  skin  radioactivity,  the  experiment  was  repeated  with  the  rats 
held  In  restraining  cases.  Results  are  presented  In  Table  3.5. 

No  activity  was  observed  In  the  livers  of  any  animal  In  this 
experiment.  Furthermore,  fecal  activity  was  much  less  than  previously 
observed  Indicating  that  although  the  cages  do  reduce  the  ability  of  the 
rats  to  nibble  at  the  wound  coverings,  they  were  not  completely  effective 
and  that  a small  amount  of  film  was  Ingested.  The  reduction  In  skin  activ- 
ity compared  to  the  values  In  Table  3.4  was  due  to  exercise  of  greater  care 
In  removal  of  the  film  prior  to  sampling  the  skin  directly  beneath  It. 

However,  It  was  apparently  not  possible  to  remove  the  wlpe-on  coating 
14 

entirely  and  some  C activity  was  still  found  In  the  Immediately  adjacent 
tissue. 
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Table  3.4 
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TABLE  3.5 

ABSORPTION  OF  PCL  WIPE-ON  THROUGH 
TRAUMATIZED  SKIN,  SECOND  EXPERIMENT  (1) 


Absorbed 

C-Radioactivlty , DPM/g 

Tissue 

Group  I 

Group  II 

Blood 

(3) 

Feces 

41.3 

Kidney 

— 

Liver 

— 

Muscle 

— 

— 

Skin 

— 

111.2 

Urine 

— 

(4) 

NOTES: 

i 

I 

Group  III  ! 


743.7 


166.4 


1.  Group  I - 2 control  rats;  unbumed  and  uncovered 

Group  II  - 3 rats;  unbumed  but  covered  with  PCL  wipe-on  (2) 

Group  III  - 3 rats;  burned  and  covered  with  PCL  wlpe-on  (2) 

Group  I controls  were  used  to  measure  background  for  calculation  of 
activities  of  Groups  II  and  III.  In  order  to  minimize  injestion  of 
PCL  covering  all  rats  were  placed  in  small  wire  mesh  restraining  cages 
for  the  48  hours  prior  to  sacrifice.  This  reduced  their  mobility  but 
did  not  render  them  completely  Immobile;  although  no  biting  of  the  backs 
was  observed.  It  Is  reasonable  to  assume  that  this  did  occur. 

2.  See  Table  3.4  Note  1 for  formulation  of  PCL  solution  used:  PCL 
activity  • 2.700  mCl/g;  solution  activity  - 0.286  mCi/g. 


3.  One  animal  had  minimal  activity  above  background.  The  remaining  two 


had  none. 


4.  One  animal  showed  131.1  DPM/ml;  the  remaining  two  had  none.  This 
animal  was  not  the  one  with  activity  In  the  blood. 


One  animal  in  Group  II  had  some  activity  in  its  blood,  minimally 
above  background.  Another  in  this  group  had  13.11  DPM/ml  above  background 
in  the  urine,  again  a small  amount.  As  the  first  experiment  showed  no  blood 
or  urinary  activity,  we  are  confident  that  this  represents  contamination  of 
the  sample  rather  than  a reproducible  experimental  result. 

It  appears  that  the  PCL  in  the  wipe-on  coating  is  not  absorbed 
into  tissues  through  either  normal  or  burn  traumatized  skin. 

3. 8 Pro line  Uptake  by  Traumatized  Areas 

The  purpose  of  this  experiment  using  rats  was  to  determine  if 
there  was  an  enhanced  uptake  of  tritiated  proline  by  traumatized  areas  and 
if  application  of  a wipe-on  burn  covering  would  show  reduced  trauma  signi- 
fied by  reduced  proline  uptake.  A similar  experiment  was  reported  in  Sec- 
tion 3.5  of  the  Fourth  Annual  Report  (Reference  11)  on  this  project.  In  the 
latest  experiments,  changes  in  procedure  were  made  to  correct  inadequacies 
in  the  previous  experimental  design  as  follows:  The  rats  were  sacrificed 
24  hours  after  traumatization  and  treatment  with  labelled  proline.  The 
route  of  labelled  proline  administration  was  per  os  rather  than  l.p.  Two 
groups  of  rats  received  a mild  bum  so  that  the  degree  of  uptake  of  labelled 
prollne  by  living  and  dead  tissue  (eschar)  could  be  compared; 

From  the  data  which  are  summarized  in  Table  3.6,  we  conclude 

as  follows: 

1.  Prollne  uptake  by  Groups  II,  III,  and  VI  are  almost  the 
same  and  significantly  greater  than  the  controls.  In 
these  three  cases,  the  trauma  was  sufficiently  severe 
to  kill  the  skin  of  that  region. 

2.  Groups  IV  and  V received  milder  trauma  which  did  not  kill 
the  burned  skin.  In  these  cases  significantly  greater 
prollne  uptake  was  observed  than  for  the  other  groups. 
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Table  3.6 


PROLINE  UPTAKE  BY  TRAUMATIZED  RATS  (1) 


Treatment 


Comments 


No  trauma  (prollne  control)  prollne  control 


Burned  with  0.50ml  ethanol.  Burned  skin  Is 
Covered  with  1 mil  PCL  (2)  dead. 


Burned  with  0.50  ml  ethanol. 
No  burn  cover  applied.  (2) 


Burned  skin  Is 
dead. 


Burned  with  0.25  ml  ethanol 
Covered  with  1 ml  PCL.  (2) 


Skin  not  dead. 


Burned  with  0.25  ml  ethanol.  Skin  not  dead. 
No  bum  covering  applied.  (2) 


Cut  skin,  separate  from  Skin  on  cut 

peritoneum,  and  reseal  with  area  Is  dead, 
wound  clips. 


NOTES 


10492.1 

4426.5 

4783.5 

Mean  (2)  6,60(>t3400 


88,636.4 

61,167.8 

67,133.7 

Mean  (2)  72,300+1440 


61,655.5 

80,138.1 

65,753.4 

Mean  (2)  69,200+9700 


58,543.7 

114.599.0 

137.940.0 

Mean  (2)  103,700+40,8 


85,396.8 

138,891.8 

89,741.0 

Mean  (2)  104,700+29,7 


76,354,1 

64,417.5 

71,142.9 

Mean  (2)  70,600+6000 


Groups  of  three  rats  each  (140-160g)  were  anesthetized  with  Penthrane 
after  which  they  were  shaved,  depilated  with  Nalr  cream,  washed,  and 
traumatized  as  Indicated  In  the  above  table.  In  some  cases  PCL  wlpe-on 
burn  covering  was  applied  to  burned  areas , but  this  preparation  con- 
tained no  radioactivity.  Immediately  after  traumatization  each  animal 
received  1.0  ml  of  10  yCl/ml  aqueous  L-[14-3h(N) ] -prollne  os . Twenty- 

four  hours  later  animals  were  sacrificed  and  a sample  of  skin  from  the 
traumatized  area  was  excised  for  combustion  and  liquid  scintillation 
counting  of  ^H^O. 


20  cm  template  was  used  to  confine  alcohol  and  delineate  burned  area. 


i J' 


3.  Apparently  trltlated  proline  can  be  used  successfully  as 
a measure  of  collagen  formation  In  traumatized  areas. 

However,  if  dead  eschar  is  formed,  no  prollne  Is  incorpor- 
ated into  this,  so  results  on  a DPM/gram  basis  do  not 
reflect  the  high  counts  which  would  probably  be  obtained 
for  newly  formed  living  tissue. 

4.  Groups  II  and  III  showed  similar  uptake,  as  did  Groups 
IV  and  V. 

We  conclude  from  the  above  that  while  the  presence  of  trltlated  prollne  is 
indicative  of  collagen  formation  in  traumatized  areas,  any  difference  in 
the  rate  of  new  collagen  formation  between  traumatized  areas  covered  with 
the  wipe-on  coating  and  such  areas  when  not  covered  is  too  small  to  be 
detected  by  this  technique. 

3.9  Measurement  of  Pervaporation  by  Resistance  Hygometry 

The  Evapometer  shown  schematically  in  Figure  3.3  was  set-up 
and  calibration  started  by  clamping  the  evapometer  cup  to  a moisture  dish. 

For  more  details  see  the  notes  to  Table  3. 7.  The  initial  runs  (see  Table 
3.7)  gave  widely  different  results  for  the  moisture  loss  as  calcula*-ed  from 
humidity  measurements  when  compared  to  the  gravimetric  weight  loss.  Note 
that  when  air  is  pulled  through  the  apparatus  by  a vacuum  pump  the  calculated 
moisture  loss  is  higher  than  the  gravimetric  weight  loss  and  the  opposite 
occurs  when  the  air  is  pushed  through  the  apparatus.  We  calibrated  the 
humidity  sensors  against  a wet  and  dry  bulb  psychrometer  (Fisher  Scientific 
Cat.  No.  11-662-100)  and  obtained  good  checks  at  both  low  and  high  humidities 
with  the  sensor  calibration  data  supplied  by  the  maker  of  the  sensors.  When 
we  learned  that  the  NMRI  had  developed  a satisfactory  Instrument,  work  on 
this  apparatus  was  discontinued. 
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Table  3.7 

COMPARISON  OF  WATER  LOSS  MEASURED  BY  RESISTANCE  HYCROMF.TRY  AND 
GRAVIMETRICALLY  USING  EVAPOMETER  CUP  PLACED  OVER  A MOISUTRE 
CUP  COVERED  BY  VARIOUS  FILMS^^^ 


Z Relative  Humidity 


• 

Sensor 

Over 

Over  Disk  Containing 
Water  and  Covered  by 

Length 
of  Run 

Water  Loss  Crams 

Co 1.7- 
Col  .8 

Run  No . 

Film 

Temp  ‘C 

Empty  Disk 

Film 

Min. 

Calculated 

Gravimetric 

Grains 

Dlf fere 

30212 

Filter 

271 

37.4 

64.2 

41 

0.217 

0.093 

♦0.124 

+ 133 

- 

Paper (2) 

30217 

" 

27.6 

37.5 

71.5 

21 

0.141 

0.077 

*0.064 

♦83 

30226 

PCL(3) 

27 

47.2 

53 

33 

0.038 

O.OiO 

♦0.028 

*276 

30230 

27 

47.2 

53.2 

41 

0.052 

0.017 

♦0.02^ 

*20- 

k 

30236 

Plasti- 

26 

46.5 

59.75 

55 

0.138 

0.045 

♦0.093 

*206 

i 

30242 

cl  zed 
PCL(4) 

28 

46.6 

58.75 

45 

0.115 

0.049 

♦0.066 

♦ 134 

30251 

PCL(3) 

25 

41,9 

49.2 

22 

0.0013 

0.013 

-0.0117 

-90 

302  74 

Filter 

25 

56 

63 

18 

0.0009 

0.0019 

-0.0010 

-53 

r 

Paper(2) 

. 1 

r 1 

! 30277 

■■ 

25 

66.3 

67.8 

8 

0.0003 

0.0257 

-0.0254 

-99 

The  evapooeter  cup  shown  In  Plate  3.5  of  the  Annual  Report  was  clasped  over  a vaposeter  cup  1.3  cn  deep  and  6.35  cn  in  •liateeter 

illustrated  in  figure  4.1  of  the  1st  Annual  Report.  For  blank  runs  the  cup  was  empty.  The  cup  was  then  partially  filled  with 

water  and  the  film  indicated  clamped  in  position.  The  cup  was  weighed  before  and  after  each  run  to  determine  the  water  loss  in 
grams.  The  difference  In  weight  is  the  gravimetric  water  loss  in  grams. 

During  the  run  ambient  air  was  passed  through  the  evapometer  at  a rate  of  0.78/min  over  the  top  of  the  vapometer  cup  and  past 

a hygrometer  sensor.  The  temperature  of  cup  and  sensor  were  monitored  during  the  run.  The  cup  temperature  was  between  25  and  27* 

for  all  runs  and  varied  less  than  0.5*  during  any  run.  The  hygroaensors  L6-4815  to  L4-4822  (American  Instrument  t'ompanv)  each 
cover  a narrow  humidity  range  so  that  eight  sensors  are  needed  to  cover  from  5 to  100!1  relative  huniditv.  A model  L15'>3050 
Universal  Indicator  (American  Instruaient  Co.)  is  used  to  show  the  sensor  output.  The  Z relative  humidltv  is  determined  from 
calibration  curves  supplied  with  each  sensor.  The  water  loss  Is  calculated  as  follows: 

Water  loss  g • (Flow  Rate  t/mmXFlow  Time  min.)  (gH20/t  sample  - gH-jO/l  blank)  x lO”^. 

The  g H20/f  for  saturated  air  is  obtained  from  page  1424  of  Lange*a  Handbook  of  Chemistry,  9th  Edition. 


Handbook  Tublishers,  Inc 


Sandusky,  Ohio,  1949. 

2.  Whatman  *41. 

3.  Film  of  PCL  polymer  No.  26341  (152000  MW,  see  Table  4.1)  obtained  by  spreading  out  a lOX  solution  In  THT  using 
a film  caster  set  at  0.64  am  evaporating  the  solvent  and  evaluating  for  24  hrs.  at  room  temperature. 

4.  Film  of  PCL  polymer  No.  26341  containing  33  g of  trlethyl  citrate  per  100  grams  of  PCL  made  as  in  Note  1. 
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3.10  Sumnary  of  Accomplishments  Pertaining  to  Wlpe-On  Coatings 

During  the  5th  Year  of  the  Project  Vs.  Proposed  Objectives 

Listed  In  Section  2. 

Of  the  tasks  listed  In  Section  2 pertaining  to  the  Immediate 
Post-Burn  Wlpe-On  Treatment  System,  the  work  proposed  for  the  year  covered 
by  this  report  has  been  completed  with  the  exception  of  Task  4,  The  Study 
of  Sterilization  Procedures  In  Anticipation  of  Clinical  Trials.  Steriliza- 
tion procedures  were  not  evaluated  as  the  particular  wlpe-on  formulation 
to  be  used  awaits  a report  of  the  results  of  the  tests  by  Captain  Burgoon. 

It  Is,  of  course,  unlikely  that  viable  pathogens  can  live  In  the  solvent 
combination  used  for  the  wlpe-on  coating,  therefore,  the  PCL  solutions  are 
probably  self-sterlllzlng  but  testing  should  be  conducted  to  establish  this 
as  a fact. 

A summary  of  the  Important  accomplishments  vls-a-vls  the  proposed 
tasks  Is  as  follows: 

■ Close  liaison  with  the  pig  testing  at  NMRI  by  Captain  Burgoon 
has  been  maintained  and  samples  of  wlpe-on  coating  have  been 
supplied  when  needed.  Section  3.5. 

’ Attempts  to  calibrate  our  resistance  hygrometry  apparatus  for 
measuring  pervaporatlon  was  discontinued  when  the  NMRI  appara- 
tus was  reported  to  function  satisfactorily.  Section  3.9. 

14 

• C labelled  prollne  was  found  to  be  useful  as  a measure  of 
wound  healing  but  to  be  Insufficiently  sensitive  by  the  tech- 
niques used  to  show  any  difference  between  the  rate  of  healing 
of  bums  covered  by  the  wlpe-on  coating  and  those  not  so 
covered.  Section  3.8. 

• Sources  for  a practical  container  for  the  wlpe-on  solution  with 
an  Integral  applicator  are  given  In  Section  3.6. 
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3.11  Recommendations 

If  the  final  report  of  the  tests  on  pigs  at  NMRI  Is  favorable 
additional  work  should  be  done  on  the  wlpe-on  covering  to  determine  whether  i 

any  sterilization  treatment  Is  required.  Also  the  solution  should  be  re- 
formulated as  necessary  so  that  a PCL  coating  can  be  applied  by  aerosol  for 
hospital  use. 

i 

j 

i 


Section  4 


SYNTHETIC  GRAFT 

The  characteristics  desirable  for  synthetic  graft  have  been 
enumerated  in  early  reports  and  included  a surface,  which  when  placed  onto 
a wound  resulting  from  removal  of  bum  eschar,  promotes  the  adherence  of 
the  graft  to  the  wound  (see  especially  References  4,  6,  and  8).  Velours, 
non-woven  fiber  mats,  and  foams  are  examples  of  materials  having  such  a 

surface.  A second  component  of  the  covering  is  a membrane  which  controls 

evaporative  water  loss  from  the  wound.  Engineers  at  Dynatech  have  proposed 
that  both  the  adhering  surface  and  the  membrane  be  prepared  from  the  same 
polymer,  poly-e-caprolactone  (PCL) . Suitable  films  have  been  made  with  PCL 
polymers  having  intrinsic  viscosities  in  benzene  at  37®C  or  over. 

The  procedures  for  preparing  the  pol3rmer,  spinning  the  fiber 
and  knitting  the  fabric  are  given  in  the  Fourth  Annual  Report,  Reference  11. 
Table  4.1  gives  details  about  pol)nnerization  of  recent  lots  of  PCL  some  of 

which  were  used  for  spinning  yam.  Included  in  this  table  is  data  for  poly- 

mer no.  26393,  a low  molecular  weight  material  made  for  the  wipe-on  coating 
described  in  Section  3. 

Although  problems  were  encountered  while  melt  spinning  the  poly- 
mer no.  26397  (Table  4.1),  one  pound  of  useful  120-140  denier  fiber  was 
made.  This  fiber  called  Lot  1 was  warp  knitted  and  brushed  to  form  a looped 
velour  under  the  direction  of  Professor  Thomas  Edman  of  the  Philadelphia 
College  of  Textiles  and  Science.  Five  pile  depths  were  prepared  and  sent 
to  Dynatech  where  they  were  laminated  to  PCL  films. 

4.1  In  Vivo  Evaluation  of  Fabric  Film  Laminates  Made  from  Fabric 

— — . ■ ■ ..  — 

Woven  From  PCL 

Thirty-two  PCL  fabric  PCL  film  laminates  cut  to  approximately 
5 cm  X 7.6  cm  were  placed  on  full  thickness  excision  wounds  on  the  backs  of 
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Table  4.1 

SUMMARY  OF  c-CAPROLACTONE  POLYMERIZATIONS^^^ 


Batch  No. 

Amount  of 
c-Caprolactone 
g 

Catalyst 

X u/u 

Amount 

Benzene 

g 

Time 

(Hrs.) 

Molecular 

Weight 

M 

w 

Intrinsic  Viscosity 
In  Benzene 
at  37*C 

Ini 

22397*^* 

5537g 

(5160  mis) 

.23*" 

(93  mis) 

5448g  (6190  mis) 

20 

118,000 

1.44 

22397-1^*' 

97,000 

1.22*" 

26902^ 

5537g 

(5160  mis) 

.31*" 

(125  mis) 

5448g  (6190  mis) 

24 

76,000 

1.00 

26902-1**' 

56,000 

.774*" 

26318*^ 

537g 

( 500  mis) 

.23*" 

( 9 mis) 

528g  ( 600  mis) 

24 

152.000 

1.76 

26321**' 

537g 

( 500  mis) 

.31*®' 

( 12  mis) 

634g  ( 720  mis) 

24 

105,000 

1.30 

26341***" 

4569g 

(4250  mis) 

.13*" 

( 45  mis) 

5368g  (6100  mlsj 

24 

152,000 

1.73 

26393 

430g 

( 400  mis) 

.46*®' 

( 45  mis) 

507g  ( 576  mis) 

24 

21,900 

0.36 

NOTES 

(1)  See  Appendix  4.1  for  general  procedure. 

(2)  Several  alnutes  after  the  addition  of  the  catalyst,  the  ceaperature  of  the  batch  Increased  rapidly  due  to  the 

heat  of  reaction.  The  heating  mantles  were  turned  off  at  this  point.  The  batch  became  very  viscous  and  hot 

enough  to  boll  the  benzene.  The  volume  Increase  due  to  the  bubbles  of  benzene  vapor  caused  a portion  of  the 
Mterlal  to  overflow  the  22  liter  kettle.  This  batch  was  sent  to  SRI  on  1/30/76  for  spinning  into  Lot  1 of 
PCL  fiber. 

(3)  Diethyl  zinc  (DEZ)  In  benzene  15Z  by  trelght,  density  0.91  (est.). 

(4)  Approx.  1969  g of  PCL  lot  22397  was  returned  to  Dynatech  from  SRI  for  filtration  to  remove  foreign  matter  and 

repreclpttatlon.  1800  gms  of  the  filtered  PCL  was  sent  back  to  SRI  on  7/21/76  for  spinning  Into  Lot  2 of  PCL 
fiber.  This  was  labelled  22397-1.  Note  that  (n)  dropped  to  1.22  from  1.44  as  a result  of  the  reprocessing. 

(5)  The  polymerization  reaction  had  not  occurred  45  minutes  following  the  Injection  of  95  mis  of  DEZ.  30  mis 
additional  of  DEZ  from  a new  bottle  was  injected.  Several  minutes  after  the  second  Injection  the  temperature 
of  the  system  Increased  rapidly.  Foaming  and  expansion  began  because  of  the  vaporization  of  the  benzene.  The 
volume  Increase  caused  a portion  of  the  material  to  overflow  out  of  the  22t  kettle. 

(6)  Due  to  the  appearance  of  foreign  particles  In  the  precipitated  polymer,  the  PCL  was  filtered  and  repreclpi- 
tated.  The  batch  was  then  called  26902-1.  This  material  was  sent  to  SRI  on  10/14/76  for  spinning  Into  Lot  3 
of  PCL  fiber.  Note  that  the  (n]  dropped  to  .774  from  1.00  as  a result  of  the  repreclpltation. 

(7)  Redistilled  benzene  was  used  in  iMklng  this  polymer.  Approx.  10  minutes  after  the  addition  of  the  catalyst, 
the  reaction  temperature  slowly  began  to  rlae.  The  mixture  turned  a slight  yellow  color.  Approx.  20  minutes 
following  the  Injection  of  catalyst,  the  mixture  became  more  viscous  with  no  further  color  change.  At  this 
point  the  reaction  temperature  substantially  Increased  to  a high  point  of  92*C  and  a pronounced  vellow  color 
developed.  After  1 hr.  the  expansion  of  the  mixture  due  to  vaporization  of  the  benzene  ceased.  There  was  no 
material  overflow. 

(8)  14. 4Z  DEZ  In  Toluene. 

(9)  Redistilled  benzene  was  used  In  making  this  polymer.  There  was  no  notlcable  reaction  1 hour  after  the  addition 
of  9 mis  of  DEZ  catalyst.  The  only  noticeable  change  was  the  development  of  a slight  yellow  color.  3 .iddi- 
tional  mis  of  DEZ  were  then  added.  Several  minutes  later,  the  reaction  proceeded  rapidly  with  noticeable 
expansion  due  to  vaporization  of  the  benzene  and  an  Increase  In  temperature  to  84*C.  Unlike  previous  hatches, 
this  polymerized  mixture  was  sufficiently  fluid  to  permit  the  benzene  vapor  bubbles  to  collapse  when  the  temper- 
ature of  the  mixture  dropped  back  to  60*C. 

(10)  Redistilled  benzene  was  used  In  making  this  polymer.  A rise  in  temperature  and  thickening  of  the  mixture  began 
almost  immediately  fallowing  the  addition  of  45  mis  of  catalyst.  The  heating  mantle  was  turned  off  but  the 
temperature  and  viscosity  continued  to  Increase  rapidly  and  the  thermocouple  broke  at  a reading  of  70*C. 

Foaming  and  expansion  began  due  to  benzene  vaporization.  The  volume  Increase  caused  a portion  of  the  material 
to  overflow  out  of  the  22  liter  kettle.  However,  the  mixture  soon  cooled  below  the  boiling  point  of  benzene 
causing  the  foam  to  collapse  so  the  overflow  which  was  collected  on  release  paper  could  be  returned  to  the  flask. 
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200-250  gram  Wistar  rats  (Charles  River  Breeding  Laboratories)  and  held  In 
place  using  9 mm  stainless  steel  wound  clips.  Details  of  the  grafting  pro- 
cedure are  given  in  Appendix  4.2.  The  grafting  was  carried  out  by  J.  F. 
Howes,  Ph.D.  at  SISA,  Inc.,  Cambridge,  Mass.  Three  days  after  grafting  the 
strength  of  the  interfacial  bond  that  had  developed  between  the  wound  and 
the  covering  was  measured  at  Dynatech  using  an  Instron  Model  TT-c  Tensile 
Tester.  Prior  to  testing  the  adhesion,  the  stainless  steel  wound  clips 
were  removed  and  the  edges  of  the  covering  cut  with  scissors  to  produce  an 
even  width  strip  about  4 cm  wide.  The  covering  was  removed  at  a rate  of 
7.5  cm/min.  (jaw  separation  15  cm/min.)  in  a posterior  to  anterior  direction. 
The  direction  of  the  laminates  and  the  results  are  summarized  in  Table  4.2. 

There  were  two  important  findings: 

• The  degree  of  adhesion  increased  with  the  amount  of  nap  in 
the  fabric.  However,  the  amount  of  nap  is  critical  with  a 
very  light  nap  appearing  to  be  optimum.  With  heavier  naps, 
the  fabric  adhered  so  strongly  that  a considerable  amount 
of  the  new  tissue  formed  beneath  the  covering  was  torn  from 
the  back  of  the  rat  when  the  graft  was  removed  three  days 
after  application. 

• The  PCL  fabric-PCL  film  laminates  were  thicker  than  the 
grafts  used  previously  and  were  somewhat  too  stiff  to  con- 
form to  the  compound  curves  required  to  conform  to  the  back 
of  an  active  rat  without  forming  creases  or  puckers  along 
the  two  edges  of  the  graft.  These  creases  permitted  access 
of  air,  occasional  pockets  of  slight  infection,  and  non- 
adherence . 

The  grafts  were  dry  to  the  touch  and  other  than  the  defects 
noted  were  well  tolerated  by  most  of  the  rats.  No  unusual  inflammation 
was  noted  other  than  the  occasional  slight  pockets  noted  above. 
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T.iblt*  4.2 


A1)HKSU)N  Ti\  Kn.l.  I'H  I CKNI-SS  KXClSlDN  WOl'NDS  OF  Cl'l  I'l.lSM 
»»CI,  FABRIC  r»:i.-Kn.M  IJU^INATF.S  (2hnO-26ni  SKHII.S)^*^ 
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f.omrw'nl  s 

Numbor 

Mumhor 

mm 

mm 

Comments 

N/m 
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lV-22 

unfinished 
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0.4 

No  nap 

49 

i: 

" 

42 

1 1 
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kal  died 
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1 

IV-22 

7 to  9 

0.3 
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0.4 

Very  little 

nap 

42 

: 

42 

3 

Ai 

4 

58 

5 

61 
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61 

7 
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8 
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to 

0.4 
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51 

9 

” 

91 

10 

" 
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" 

33 
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14 

III-18 

10  to  14 
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to 

0.4 

Medium  nap 

Poor 

-- 

Rat  died 

15 

■■ 

" 

" 

laminate 

adhesion 

S4 

Rat  tissue  failure 

16 

•* 

" 

” 

one  side 

95 

17 

•* 

70 

..  .. 
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: 83 
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V-14 

10  to  14 

0.4 

to 

0.5 

DuPont 

sanding 

Areas 

47 

Rat  tissue  failure 

31 

with 
no  nap 

89 

M 

32 

" 

" 

98 

33 

" 

14  to  16 

•• 

196 

Rat  tissue  failure 

34 

" 

" 

" 

67 

Rat  nearly  dead,  rat 



tissue  failure 

Average 

dn 

13 

V-10 

13  to  14 

0.  3 

to 

0,4 

Medium 

Poor 

105 

Rat  tissue  failure 

heaw 

lamination 

nap 

one  side 

19 

14  to  15 

•• 

•• 

Poor  lamination  98 

n M .. 

some  film 
missing 

20 

•• 

•• 

61 

H ..  n 

21 

*’ 

" 

*• 

72 

Rat  tissue  failure 

22 

" 

" 

0.4 

to 

0.5 

" 
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" " '■ 

Average 

: 84 

23 

V-22 

14  to  15 

0.4 

to 

0.4 

Heav'v  nap 

154 

Rat  tissue  failure 

24 

" 

14  to  17 

0.  3 

to 

0.4 

•• 

89 

1,  t. 

25 

" 

15  to  17 

" 

" 

n 

Film  stiff,  rigid 

with  lit  do  rtdlioronoo 


ADHFSIdN  TO  Kdl.l.  THICKNKSS  KXCISION  WOUNDS  clF 
PCI.  K.AKRIC  - PCI.  FII.M  I.AMINATKS 


26 3 79 A 


26347-1 


Stiff  fibors  in  ont  sm/jll  area  of  fabric. 


26379C 


Tissue  failure 


26379D 


26379E 


Hood  conformance  - lot  of  blood  in  new 
tissue.  No  tissue  failure. 


26379F 


Little  or  no  vascularization  In  new 
tissue.  Good  conformance.  Two  small 
pockets  - no  infection  visible. 


26384A 


26347-2A 


Tissue  failure 


Fabric  dry  - little  adhesion 


Fabric  conformed  well  to  rat’s  back 


Fabric  conforming  to  rat's  back 
small  pocket  near  edge. 


Fabric  conforming.  One  small  pocket 


Like  15  except  some  tissue  failure  near 
shoulder  of  rat . 


One  small  infected  pocket.  Some  tissue 
failure . 


New  tissue  not  vasculated.  Part  of  new 
tissue  carried  awav  on  burn  covering  part 
No  tissue  tearing  below  surface  laver 


New  tissue  well  vasculated.  No  tissue 
failure . 


NffTES 


See  Table  4.3b  for  concluding  data  as  wcP  as  for  explanation  of  notes 


NOTES 


Films  of  PCL  were  case  from  a solution  using  a Bradley  Blade  set  to  give  the  desire  dry  film  thickness  onto  a sheet  of  plate 
glass  treated  with  Prekote  33  (Frekote,  Tnc.)  polished  with  a paper  towel  wet  with  THF.  The  solution  contained  100  parts  by 
wt.  of  PCL  batch  26341  Table  4.1  (mol.  wt.  152,000)  plus  33  parts  by  wt.  of  trlethyl  citrate  (Citroflex  2 Chas.  Pfizer 
6 Co.,  Inc.)  dissolved  In  888  parts  by  wt.  of  THF.  4 minutes  after  casting,  the  fabric  was  pressed  against  the  tackv  films. 
After  2 hours,  the  laminate  was  removed  and  evacuated  overnight  at  room  temperature  to  remove  the  residual  THF.  After 
measuring  the  film  thickness,  the  laminates  were  trimmed  to  S x 8 cm  and  the  corners  rounded  to  a radius  of  2.3  cm.  'Pie 
samples  were  applied  to  full  excision  wounds  on  the  backs  of  rats  (approx,  wt.  150  g)  using  12  evenlv-spaced  stainless 
steel  wound  clips.  At  the  time  indicate,  the  animals  were  injected  i.p.  with  a lethal  dose  of  pentobarbitol , the  wound 
clips  were  removed,  the  fabric  detached  from  the  skin,  trimmed  to  a width  of  4 cm,  the  rat  mounted  on  a harness  and  the 
fabric  pulled  from  the  rat  using  an  Instron  Tensile  Tester  at  a rate  of  1.2  cm/min  (Jaw  separation  rate  2.4  cm/min)  in 
a posterior-anterior  direction. 

Description  of  fabrics:  26347-1  - PCL  brushed  velour  with  Dacron  backing  similar  to  fabric  IV22  (see  Tabic  4.2  and  page 
37  of  Reference  11).  26347-A  - PCL  cut  plush  with  pile  cut  to  1.6  mn.  Dacron  backing  (see  page  37  of  Reference  11). 

26347-2B  - same  as  above  except  pile  0.8  on  high. 

Average  adhesion  in  Ibs/ln  obtained  by  measuring  the  area  under  stress  strain  curve  plotted  by  the  x,y,  recorder  of  the 
Instron  Tensile  Tester  and  dividing  by  the  product  of  the  length  of  the  curve  in  the  strain  direction  and  the  average 
sample  width  in  Inches.  To  convert  the  results  from  Ibs/ln  to  N/»,  they  were  multiplied  by  175. 

Fabric  samples  cut  on  bias. 

Not  included  In  average. 


4 . 2 Comparison  of  PCL  Looped  Velour  Fabric  Film  Laminate  and  A PCL 

Cut  Plush  Fabric  Film  Laminate. 

After  repreclpltatlon  to  remove  Impurities  which  had  caused  the 
difficulties  mentioned  earlier  In  spinning  PCL  fiber  Lot  1,  about  1.4  lbs. 
of  PCL  fiber  were  produced  from  the  polymer  now  designated  22397-1  (see 
Table  4.1).  This  fiber  designated  as  Lot  2 was  knit  Into  two  fabrics  under 
the  supervision  of  Professor  Edman.  One  of  the  fabrics  was  a looped  velour 
similar  to  fabric  IV-22  described  In  Table  4.2  of  the  Fourth  Annual  Report, 
Reference  11,  and  the  second  a cut  plush  fabric  with  an  open  weave.  The 
latter  was  designed  to  conform  well  when  spread  over  a complex  shape  such 
as  a rat's  back  or  a person's  knee  or  elbow.  It  was  expected  that  the  cut 
plush  would  be  easier  to  remove  from  the  healing  tissue  than  the  looped 
velour  evaluated  previously  since  the  pile  of  a cut  plush  Is  formed  by 
Individual  fibers  rather  than  loops. 

Laminates  were  prepared  by  bonding  25  p thick  films  of  PCL 
plasticized  with  33  PHR  of  trlethylcltrate  to  the  back  of  the  fabrics. 

The  four  laminates  evaluated  were  as  follows; 

1.  Laminate  using  looped  velour  similar  to  fabric  IV-22 
(See  Table  4.2). 

2.  Laminate  using  cut  plush  with  a pile  height  of  3.2  mm 

(1/8"). 

3.  Ditto  with  a pile  height  of  1.6  mm  (1/16"). 

4.  Same  as  3 except  sample  cut  on  the  bias. 

The  detailed  results  of  the  tests  on  the  laminates  when  applied 
to  full  excision  wounds  on  rats'  backs  and  the  test  procedure  are  given  In 
Tables  4.3a  and  4.3b.  We  found  that  the  cut  plush  fabric  laminates 
conformed  better  to  the  rat's  back  than  the  looped  velour  laminates  and 
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that  there  was  slightly  less  damage  to  the  underlying  tissue  when  the  pile 
of  the  cut  plush  was  0.8  mm  high  rather  than  1.6  mm.  Applying  laminates 
cut  on  the  bias  was  of  further  help  in  permitting  the  graft  to  conform  to 
the  complex  curves  of  the  rat's  back.  Use  of  plasticized  PCL  in  place  of 
the  unplasticized  PCL  used  in  earlier  tests  also  was  helpful. 

It  should  be  noted  from  the  data  obtained  that  the  average 
laminate  adhesion  to  the  rat's  back  was  about  the  same  on  day  1 as  on  days 
3 and  6.  However,  we  noted  that  failure  of  the  new  tissue  was  pronounced 
when  the  fabric  was  removed  on  days  1 and  3,  but  by  day  6 tissue  failure  was 
minimal.  Apparently,  it  takes  several  days  for  the  new  tissue  growing  into 
the  PCL  fabric  to  become  strong  enough  to  withstand  having  the  fabric 
stripped  from  the  wound  without  damage. 

Samples  of  the  tissue  from  the  underlying  wound  were  taken  from 
the  backs  of  rats  19  and  20  and  preserved  in  formalin  so  that  they  could  be 
examined  under  the  microscope  to  determine  if  there  was  any  difference, other 
than  the  amount  of  blood, between  the  whitish  non-vasculated  tissue  obtained 
from  the  back  of  rat  19  and  the  red,  bloodly,  well-vasculated  tissued  ob- 
tained from  the  back  of  rat  20.  The  microscopic  examination  showed  that 
both  samples  are  typical  healthy  granulation  tissue  with  no  significant 
difference  between  them. 

4.3  Procurement  of  Additional  Fabric 


Part  of  a lot  of  3.4  lbs.  of  PCL  fiber  spun  from  PCL  26902-1 
(Table  4.1)  and  called  Lot  3 was  knit  under  Professor  Edman's  supervision 
into  additional  fabric.  The  characteristics  of  the  fabric  desired  was 
specified  to  be  as  follows: 


f 


f 


♦ 


IZE£ 

Plush  height 
Plush  density 


Flexibility  and 
backing  density 


Backing  fiber 


Cut  plush 
0.8  mm 

2 

Up  to  50%  more  flbers/ln  than  in  the 
previous  cut  plush  fabric.  See  Table 
4.3b  Note  (2). 

equal  to  or  more  flexible  and  less  dense 
than  the  previous  cut  plush,  op.  clt. 
clt . 

56  denier  Dacron  same  as  in  previous 
cut  plush  op.  cit. 


Note  that  the  PCL  fiber  had  been  sized  with  a solution  contain- 
ing 10%  Drakeol  36  mineral  oil  (Penreco,  Inc.).  The  average  denier  and 
tenacity  is  173  and  1.6  g/d  respectively.  The  elongation  at  break  is  80%. 
The  twist  is  about  0.3  tpi. 


Although  some  fabric  was  knitted,  the  fabric  was  so  loosely 
woven  that  shearing  the  plush  to  the  desired  height  could  not  be  done 
mechanically.  Also,  instead  of  having  more  pile  fibers  per  square  inch 
than  previously, as  specified,  this  fabric  had  fewer.  This  fabric,  there- 
fore, was  not  tested  on  rats  and  although  additional  fiber  is  available, 
there  was  insufficient  time  remaining  before  the  termination  of  the  project 
to  permit  knitting  and  testing  more  fabric.  If  this  program  should  be  reac- 
tivated, it  is  recommended  that  additional  PCL  fabric  having  the  desired 
characteristics  be  procured  and  tested  after  lamination  to  plasticized  PCL 
film. 


4.4  Tissue  Growth  Into  PCL  Fabrlc-PCL  Film  Laminate  Burn  Coverings 

As  Measured  by  Uptake  of  Tritiated  Proline. 

The  purpose  of  this  experiment  was  to  determine  from  the  up- 
take of  tritiated  prollne  the  rate  at  which  tissue  from  the  traumatized 
area  grows  beneath  and  into  the  burn  covering.  Using  the  data  obtained, 
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we  planned  to  select  the  time,  amount  and  specific  activity  of  the  proline 
injection  required  for  future  autoradiography  experiments. 

The  samples  were  taken  by  carefully  excising  the  fabric  with 
the  underlying  adhering  tissue  intact.  The  thickness  of  tissue  adhering  to 
fabric  varied  depending  upon  the  section  of  the  rat's  back  In  contact  with 
the  fabric.  The  following  diagram  Illustrates  this. 


The  raw  data  Is  summarized  in  Table  4.4.  In  Table  4.5  the 
data  has  been  averaged  according  to  tissue  distribution.  There  seems  to 
be  no  significant  variation  in  the  samples  taken  from  the  rats  given  all 
the  prollne  in  one  injection  and  sampled  24  hours  later  and  those  given 
two  Injections  at  24  hour  intervals  and  sampled  48  hours  after  the  first 
injection.  Since  only  two  rats  were  used  for  each  group,  large  variations 
between  individuals  may  mask  trends. 

The  experiments  show  clearly,  however,  that  there  is  enough 
tritium  in  the  tissue  of  all  groups  for  future  autoradiography  experiments. 
We  therefore  conclude  that  one  injection  i.p.  of  5wCi/g  will  be  given  and 
that  samples  will  be  taken  for  autoradiography  24  hours  later. 

Twenty-four  hours  after  the  last  Injection,  the  fabric  was 
removed  with  the  underlying  tissue  intact.  This  new  tissue  was  not  evenly 
distributed  but  ranged  from  very  thin  to  thick.  Therefore,  three  samples 
of  known  weight  and  area  were  taken  from  each  burn  covering  for  tritium 


Table  4.4 

Uptake  of  Trltlated  Prollne  In  Tissue  Beneath  PCL  Fabrlc-PCL  Film 


I 


I 

t 

: ' 
i.  I 


• 

Burn  CoverinRS. 

Group 

Sample 

Tissue 

Distribution 

DPM/Gram 

DPM/ cm^ 

I 

26347-2B-1 

Thin 

5,222,504 

509,557 

-2 

Medium 

1,997,578 

260,557 

-3 

Thick 

2,209,448 

437,016 

-2D-1 

Thin 

1,284,596 

61,363 

-2 

Medium 

2,095,147 

185,570 

-3 

Thick 

2.595.290 

418.259 

II 

26347-21-1 

Thin 

5,618,613 

402,082 

-2 

Medium 

1,529,459 

317,727 

-3 

Thick 

550,460 

99,083 

-2E-1 

Thin 

3,367,150 

309,375 

-2 

Medium 

5,137,096 

1,720,927 

-3 

Thick 

689.165 

205.291 

III 

26347-2L-1 

Thin 

2,458,559 

546,773 

-2 

Medium 

2,071,287 

496,270 

-3 

Thick 

2,072,084 

1,092,679 

26347-2S-1 

Thin 

2,743,363 

363,630 

-2 

Medium 

2,816,087 

713,049 

-3 

Thick 

2,823,769 

897,331 

analysis.  These  three  were  representative  of  tissue  distribution,  one  thin 

to  almost  bare,  one  with  a medium  tissue  layer,  one  with  a thick  tissue 

layer.  Each  sample  was  oxidized  in  a Harvey  Biological  Oxidizer,  the  tri- 

tlated  water  collected  and  meaared  by  liquid  scintillation  counting.  Table 

2 

4.4  presents  results  as  DPM/gram  as  well  as  DPM/cm  for  each  rat. 

4.5  Summary  of  Accomplishments  Pertaining  to  PCL  Fabrlc-PCL  Film 
Laminate  During  the  5th  Year  of  the  Project  vs.  the  Proposed 
Objectives  Listed  In  Section  2. 

Tests  on  a loosely  woven  cut  plush  PCL  fabric  laminated  to  a 
plasticized  film  of  PCL  show  the  combination  to  have  good  conformability  to 
complex  anatomical  contours,  especially  wehn  applied  with  the  fabric  cut  on 
the  bias.  Also  the  cut  plush  is  easier  to  remove  than  a looped  velour  from 
the  new  tissue  when  tested  several  days  after  application  to  full  excision 
wounds.  At  this  time  tearing  of  the  newly  grown  tissue  is  minimized. 


Preliminary  experiments  determined  that  one  injection  i.p.  of 
5yCl/g  of  trltlated  prollne  should  be  sufficient  to  show  tissue  ingrowth 
into  the  PCL  fabric  PCL- film  laminate  24  hears  later  by  autoradiography. 
These  autoradiography  experiments  were  planned  for  the  new  fabric  being 
knit  by  Professor  Edman.  As  the  material  obtained  was  not  suitable  for 
testing  and  time  remaining  before  termination  of  the  project  did  not  permit 
obtaining  more  fabric, neither  autoradiography  experiment  nor  the  steriliza- 
tion studies  planned  were  carried  out. 

4 . 6 Recommendat Iona 


Procurement  of  additional  PCL  cut  plush  as  specified  earlier 
Is  recommended.  This  fabric  should  then  be  laminated  to  a film  of  plas- 
ticized PCL  and  tested  on  rats.  Studies  of  trltlated  proline  uptake  in 
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the  healing  wound  by  radioautography  should  be  used  to  elucidate  completely 
the  potential  of  PCL  fabric- PCL  film  laminates  for  burn  healing.  This 
technique  could  give  Important  Information  on  the  kinetics  of  tissue  regen- 
eration and  the  optimal  time  for  changing  dressings.  In  addition,  this 
combination  of  histology  and  radioautography  will  provide  a more  sophisti- 
cated technique  for  comparing  different  synthetic  polymer  fabric-film  lam- 
inates than  the  measurement  of  the  force  required  to  remove  the  covering 
from  the  wound. 

Synthetic  fiber  film  laminates  appear  to  have  significant 
advantages  over  human  cadaver  and  porcine  skin  with  respect  to  Infection 
and  the  Incidence  of  rejection.  Further  Investigation  of  these  laminates 
Is  certainly  In  the  best  Interests  of  the  Navy  and  of  the  general  public. 


Appendix  4.1 

POLYMERIZATION  OF  6-HEXANOLACTONE  (e-CAPROLACTONE) 
TO  POLY-e-CAPROLACTONE 


To  obtain  high  molecular  weight  polymer  suitable  for  fiber  and 
film  making,  pure  6-hexanolactone  Is  required  as  the  reactant.  As  received 
from  Eastman  Chemical  Co.,  6-hexanolactone  is  slightly  yellow;  there- 
fore it  is  purified  by  vacuum  distillation  (15  mm  Hg,  118®C)  to  a water- 
white  liquid  before  use. 

To  a three-neck  flask  equipped  with  agitator,  Dean-Stark  trap, 
and  condenser  charge  equal  weights  of  distilled  6-hexanolactone  (sp.g.  1.073) 
and  benzene  (sp.g.  0.88).  Under  nitrogen  purge,  heat  to  bO^C  and  hold  at 
that  temperature  for  one  hour  after  the  initiation  of  overflow  from  the 
Dean-Stark  trap.  Then  add  the  catalyst.  (Within  10  minutes  a temperature 
rise  accompanied  by  an  increase  in  the  viscosity  will  be  observed.)  Main- 
tain at  60®C  for  the  time  specified.  Cool.  Dissolve  polymer  in  benzene. 
Collect  the  polymer  by  precipitation  in  hexane.  Dry  polymer  under  vacuum 
at  45-50®C. 

Determine  the  approximate  intrinsic  viscosity  [n]  in  benzene. 
(Average  of  inherent  and  reduced  viscosity  of  0.2  g/dl  in  benzene  at  37“C.) 
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Appendix  4.2 

DESCRIPTION  OF  THE  BURNED  RAT  MODEL, 

EXCISION  AND  GRAFTING  PROCEDURES 

Poly-e-caprolactone  fabric-film  laminates  obtained  from 
Dynatech  R/D  Company  were  evaluated  for  adherence  to  full  thickness  excision 
wounds  as  follows.  Male  Wistar  rats  weighing  between  200  and  250  grams  were 
anesthetized  by  an  intraperitoneal  injection  of  sodium  pentobarbital  (40  mg/ 
kg),  and  shaved  with  a #40  blade  electric  clipper.  Twenty  percent  of  the 
rat's  skin  was  excised  from  the  dorsal  surface,  and  one  of  the  laminates 
measuring  approximately  5cm  x 7.7cm,  was  placed  on  the  open  wound.  No  at- 
tempt was  made  to  prepare  the  wound  prior  to  application  of  the  covering  which 
was  clipped  in  place  with  9 mm  wound  clips.  Post  excision  and  grafting, 
each  rat  was  kept  in  an  individual  cage  and  given  food  and  water  ad  libitum. 
Room  temperature  and  humidity  were  kept  constant. 
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Appendix  4.3 

PREPARATION  OF  PCL  FABRIC-PCL  FILM  LAMINATES 

10  grams  of  PCL  polymer  22397  (see  Table  4.1),  intrinsic  vis- 
cosity 1.15,  was  dissolved  in  100  mis  of  tetrahydrofuran  (THF)  and  filtered 
through  a 25  Teflon  Millipore  filter.  A glass  plate  was  sprayed  with 
Frekote  33  (Frekote,  Inc.),  wiped  thoroughly  and  polished  with  a clean  paper 
towel.  A film  of  the  PCL  polymer  solution  was  then  cast  onto  the  plate 
using  a Boston  Bradley  Blade  set  at  0.64  mm  (25  mils)  and  allowed  to  dry  for 
4 mins.  +0.1  min.  The  non-napped  side  of  the  PCL  fabric  was  then  gently 
pressed  against  the  film.  The  laminate  was  then  peeled  from  the  plate  and 
the  residual  THF  allowed  to  evaporate  from  the  laminate. 
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Proyre^fn  thrnnpli 


DYNATECH  R/D  COMPANY 

A DIVISION  OF  DYNATECH  CORPORATION 
99  ERIE  STREET.  CAMBRIDGE.  MASS..  02139 


617-868-8050 
October  30,  1973 


Department  of  the  Navy 
Office  of  Naval  Research 
Arlington,  Virginia  22217 

Attention:  A.  F.  Kwitnieski,  Patent  Counsel 

Subject:  Invention  reporting  under  Contract  N00014-73-C-0201 

Gentlemen: 

In  response  to  your  letter  of  August  28,  we  have  prepared  the  attached 
disclosures  describing  a laminate  burn  covering  and  a spray-on  bum  covering, 
based  upon  the  use  of  p)oly-c-caprolactone  films.  These  two  disclosures  cover 
all  inventions  which  were  first  conceived  and  reduced  to  practice  under  the  subject 
contract.  To  the  best  of  our  knowledge  the  disclosures  include  all  reportable  items, 
and  no  further  work  is  being  done  which  might  generate  additional  reportable  infor- 
mation under  this  contract. 

By  separate  letter,  and  as  required  by  the  contract  terms,  these  dis- 
closures are  being  submitted  also  directly  to  the  Administrative  Contracting  Of- 
ficer. It  is  Dj-natech's  intention  at  this  time  to  request  greater  rights  than  the 
license  reserved  under  paragraph  (b)  of  clause  57,  in  order  to  pursue  possible 
commercial  applications  in  the  event  that  the  Government  chooses  not  to  apply 
for  or  prosecute  a patent  application  on  its  own  behalf.  In  such  an  event  Dyna- 
tech  would  request  that  it  be  given  title  rights. 

Very  truly  yours. 


FRJ/mfk 

Enclosures 

cc:  Dr.  A.  B.  Callahan,  Code  444 


F.  Robert  Johnson,  Manager 
Government  Marketing  Department 
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The  apjilication  of  a thin  film  of  poly-c-caproiactone  to  a flash  bum  in  order 
to  oonti'ol  evaporative  water  loss  at  a normal  level. 
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June  11,  1973,  meeting  at  the  Office  of  Naval  Research  - meeting  attended  by  Dr.  K.  Sell  and 
Dr,  A.  Callahan  of  ONH  and  Dr,  D.  Wise  and  A.  D.  Schivope  of  Dynatech  R/D  Co. 
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1)  Progress  Report  #2  on  Contract  *N00014-73-C-0291  - June  8,  1973. 

2)  Dynatech  R/D  Co.,  Cambridge,  Mass.,  Lab  Notebook  #14601  - June  27,  1973. 
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Dynatech  R/D  Co.,  Cambridge,  Mass.  - June  27,  1973 
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During  the  weeks  of  July  23rd  and  30th.  a solution  of  poIy-€-caprol:ictone  in  a solvent  was  applied  di- 
rectly  to  a flash  bum  on  the  back  of  a laboratory  rat.  For  the  ten  day  test  period,  the  thin  (0. 0 03  inch! 
film  of  poly-«-caprolartone  adhered  to  the  bum  and  controlled  the  evaporative  water  loss  at  norm.al 
levels.  The  tests  were  performed  in  the  laboratory  of  D.  P.  Dressier,  M.  D.,  at  the  louville  l.ospital 
in  Cambridge,  Mass.  Present  for  the  test  were  Donald  L.  Wise,  PhD,  Donald  P.  Dressier,  M.D., 
William  Skomik,  and  .-Irthur  D.  Schwope.  
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It  is  Intended  that  direct  npplic.ation  of  poly-<-caprolactonc  from  a solution  to  a burn  be  used  in  an 
emergency  to  control  evapor.itlve  fluids  loss  from  the  body  until  the  victim  is  transported  to  a 
bum  treatment  center.  
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1 ■ Purpose 

ThiJ  purpose  of  this  invention  is  to  conii'ol  the  ev:i|X>r:itive  wntor  loss  from  severe  flnsh  bums  during 
the  itvmctU.ilc  post  burn  period.  This  is  necomplished  by  application  of  a solution  of  th3  polymer, 
polv'e-caprol.ictone,  by  swab  or  by  spray  from  an  aerosol  container.  The  solvent  evaporates  after 
application,  leaving  a thin,  flexible  film  which  successfullj  controls  the  insensible  water  loss  from 
the  burned  area. 


2.  Rnckground 

Shock  is  a major  cause  of  death  in  the  immediate  period  following  a severe  (lash  burn  over  large  por- 
tions of  the  body.  A primary  cause  of  shock  is  the  excessive  loss  of  body  fluids  and  protein. 

Presentlv  there  are  manv  creams,  greases,  sprays  and  homemade  concoctions  designed  to  soothe 
and  pi-olcct  the  wound  immediately  following  a flash  bum.  These  first-aid  treatments  are  applied 
dircfily  to  the  burn  and  remain  there  until  the  victi.n  can  be  treated  with  more  sophisticated  mixhods. 

(Gump  and  Kinney,  Surg.  CUn.  N.  Amer.,  50  (G1  Dec.,  1970,  and  Rozin,  et  al,  Ann,  N.Y.  Acad. 

Sci..  l^.Aug.  14,  1968). 

S.  Description  and  Operation 

''c  invention  is  a solution  of  poly-e-caprolactone  which  can  be  applied  directly  to  a flash  bum  by  swab 
sprav.  Poly-e-caprolactone  (mol.  wl.  2,000  - 300,  000)  is  a biodegradable,  solid  pol\-mer  which  is 
boluule  in  liquids  such  as  acetone  and  tetrahydrofuran.  When  the  polymer-solvent  solution  is  spread 
over  a surface  (c.g.,  a burn  wound),  the  solvent  evaporates,  leaving  a thin,  flexible  film  (0.001  to 
0.01  inches  litick)  of  the  polymer.  This  film  replaces  the  destroyed  natural  keratin  moisture  barrier, 
and  controls  the  water  transpired  from  the  burned  area  to  normal  levels.  Once  the  victim  reaches  a 
burn  treatment  center,  the  film  can  be  removed  and  traditional  burn  treatment  begun. 

4.  Advantages  and  New  Features 

Poly-t-caprolactone  in  solution  is  inexpensive,  has  a long  shelf  life,  and  is  easy  to  apply.  More 
importantly,  the  Dim  is  the  only  tissue  compatible  first-aid  treatment  (known  to  the  inventors)  which 
is  designed  to  control  the  rate  of  water  loss  from  a burned  area  while  protecting  the  wound  from 
contamination  from  the  outside  environment. 


6.  Contributions  by  Invertore 

The  invention  is  the  direct  result  of  idea  put  forth  Dr.  K.  Sell  at  the  Office  of  KavaJ  Research 
and  the  materials  development  and  engineering  capabilities  of  Dynatech  R/D  Co.  (specifically 
Donald  L.  Wise  and  Arthur  D.  Schwope). 


7.  Execution  of  Disclosura 
INTENTt^g): 


V-7^''.rX  '3o,^?7^ 

Date  ^ 


Date 


Disclosed  to  and  understood  by  me  on  _ 

WITNESSES: 

1 


(data). 


4 


4 
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I 


Donald  L.  Wise,  I’hD  Oy  Eric  Slrcrt 


M:r.  P.ioiii::;necrin; 


D>  n.ilech  R/D  Co. 


Arthur  D.  Schwope  Cambridge,  Mass.  Stall  Engineer 

Kenneth  W.  Sell,  jM.  D.  Naval  Medical  Director,  Clinical  U.S.  Navy 
Research  Inst.  Medical  Sciences 

Bethesda,  Md.  Dept. 


A flexible,  biocomp. itible  si  nthetic  sheet  matc.'i  il  to  cover  burns  during 
therapy.  The  functions  required  are  oU.uned  in  a compos:',  structure  tormed 
by  laminating  poly-t-c:iprolactone  sheets  or  sheets  ol  tins  dviiier  and  jnolher 


June  11,  1973,  meeting  at  the  Office  of  Naval  Research  - meeting  attended  by  K.  Sell,  M.  D..  and 
A.  Callahan,  M.  D.,  of  ONTl  and  D.  Wise,  PhD,  and  A.  D.  Schwope  of  Dynatech  R/D  Co. 


1)  Progress  Report  *2  on  Contract  “N0O0H-73-C-0201  - June  8,  1973. 

2)  Dynatech  R/D  Co..  Cambridge,  Mass.,  Lab  Notebook  *1-1001  - June  27,  1973. 


Dynatech  R/D  Co.,  Cambridge,  Mass.  - June  27,  1973. 


During  the  weeks  of  July  23rd  and  30th,  1973,  structured  laminates  of  poly-r-caprolacione  film  with 
either  nylon  velour,  collagen,  or  porous  poly-t -cc.prolactone  - the  invention  - were  applied  to  fully 
excised  sections  of  rats'  backs  in  the  laboratory  of  Dr.  D.  P.  Dressier,  M.D.,  .at  the  Vouville 
Hospital  In  Cambridge,  Mass.  The  laminates  adhered  to  the  wound,  remained  flexible  and  controlled 
evaporative  water  loss  from  the  ammal  for  the  test  period.  Present  for  the  tests  were  Donald  L. 
Wise,  PhD,  Don.ald  P.  Dressier,  .Nf.D.,  tVilliam  Skomik.  and  .Arthur  D.  Schwope. 


Arthur  B.  Callahan.  M 
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Biological  and  Medicnl  Science  DivT 
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1 ■ PtitTiose 

The  invention  is  a flexible  laminate  of  a thin  s\iithetic,  biodegradable,  polvn-icric  film  to  a structured 
material  such  as  collagen  or  synthetic  velour,  velvet,  flocked  cloth  or  foams  to  be  used  as  artificial 
skin  during  the  treatment  and  healing  of  burns.  The  covering  is  placed  structurc-d-si'le  toward  the 
wound  u.e..  the  film-side  out). 

Tri.  purpose  of  the  covering  is  to  contixil  moisture  loss  from  the  burn,  help  prevent  burn  sepsis,  and 
prepare  the  bum  area  for  autograft  acceptance.  The  purpose  of  the  thin  film  is  to  control  the  rale  of 
ev.ipor.ative  water  loss  from  the  victim.  1 he  purpose  of  the  struetiireci  under-layer  is  to  promote  the 
growth  of  a shallow  fibrin  network  into  which  ncmrophils  and  macrophages  readily  enter  to  entrap  and 
kill  bacteria. 

2.  Background 

bum  covering  has  tw-o  functions:  1)  to  prevent  excessive  loss  of  body  fluids  and  proteins  due  to  un- 
controlled evaporative  water  loss  from  the  burned  area.  This  water  loss  can  be  of  the  order  of  ten 
limes  greater  than  the  normal  rate  of  evaporation  through  the  skin.  For  a victim  with  severe  bums 
over  a large  portion  of  his  body,  the  total  loss  is  substantial  and  can  lead  to  shock  and  death  during 
the  immediate  (0-5  d.ays)  postbum  period.  2t  to  promote  the  formation  of  a viable  interface  between 
otmd  and  the  covermg.  A viable  interface  is  defined  as  a living,  growing  fibrin  network  and  is  de- 
tv.ible  lor  two  reasons.  One,  neutrepliils  and  macrophages  readily  enter  the  network  and  kill  bacterls. 
This  acaion  helps  not  only  to  prevent  bum  wound  sepsis  - a major  cause  of  Lmb  loss  or  death  - but 
also  to  remove  cxud.ate  which  is  ttpically  found  in  a wound.  And  two,  once  the  fibrin  network  is  de- 
veloped, the  damaged  area  will  more  readily  accept  an  autograft  - the  ultimate  goal  of  bum  therapy. 

A viable  Interface  is  Indicated  by  adhi,rcnce  of  the  covering  to  the  wound.  The  covering  must  be 
flexible  in  order  to  conform  to  the  contours  of  the  body  so  adherence  is  complete. 

Presently  human-donor  and  porcine  skin  are  the  most  successful  and  widely  used  bum  coverings.  Both 
promote  the  formation  of  a viable  interface  and  control  the  evaporative  water  loss  from  the  bum  area. 
Coverings  composed  of  tliose  skins  must  be  removed  or  are  rejected  by  the  body  every  3 to  5 days. 

New  skins  are  then  .applied.  (Zaroff,  et  al,  "Surgery"  3CS,  19GG).  CioUagen  film  has  also  bees 
tested  as  an  artificial  skin  (Pappas  and  Hyatt,  Surgical  Forum  1^,  19C0). 

Laminates  of  svnthcftic,  non-biodcgradablc  materials  are  available.  Silastic  film  laminated  with  nylon 
velour  has  beer  applied  to  animals  during  experimental  studies.  (Hall,  ct  al,  J.  Biomed.  Mater.  Res. 

1,  179-9G.  1967).  The  ideal  combination  of  physical  properties  desirable  in  a burn  covering  were 
ascertained.  They  arc  an  ultimate  elongation  at  yield  of  greatc>  than  10c,  a Young's  modulus  less 
than  50,00(1  psi  at  a pull  rate  of  0.1  ineh/min  and  an  absolute  water  vapor  transmission  rate  between 
1 and  3 mg/hr.  cm^.  From  the  materials  selection  program  which  followed,  poly-e-caprolactone  wns 
selected  and  animal  tests  performed. 

3.  Description  and  Operation 

The  bum  covering  proposed  for  patent  is  a lamination  of  biodegradable,  synthetic  poly-r-caprolactone 
film  with  a material  having  a suitable  physical  structure,  such  .as  natural  collagen  and  velours,  velvets 
foams  and  noeUcfLlalirtcs  of  synthetic  biocompatiblc  ni.dcrials  including  poly-t-c:  prolactone.  Itself.  ^ 

As  explained  above,  the  upper  film  laver  controls  the  water  vapor  loss  imn.  the  wound  area  and  the 
lower  strunured  laver  promoics  fibrin  arowth.  The  upper  layer  is  a flexililc  film  0.001  to  O.OJ  inch 
in  thicknvss  composcu  ol  poly-i -c.inrolactone  (mol.  wt.  2,000-300,000).  The  lower  structured  layer 
if  fiexibie  uid  from  0.  U0.>  (coli.igeni  to  0.2S  (velours  and  foams)  inches  in  thickness.  The  covering 
is  applied  st.-uctured  side  down  lo  the  cleaned  wound  area. 

■t.  Adv:ir,t:igcs  and  Sew  Fe.atures 

Three  general  classHicatlons  of  bum  coverings  are  presently  available.  The>'  .are;  1)  natural  skins, 
non-bio(K  gradable  synthcdic  laminates,  and  3)  biodegradable  synthetic  coverings.  With  poly-c- 
iprolactonv  ihc  rlcslrable  cnuraclcristics  of  each  classification  arc  combined  to  form  an  economical 
and  practical  s'  .i;  hctic  bi;m  covering. 

As  mentioned  above  skins  are  presently  the  most  successful  bum  coverings.  However,  skin  is  a 
delici'.ic  and  very  scarce  (thertiore  expensive)  material  which  has  a short  shelf  life.  In  addition, 
the  skin  must  be  rtn:ovcd  and  new  skin  .applied  every  3 to  5 days.  Laminates  made  with  poly-«- 
cnpml.ictonc  arc  inexpensive  and  e.asilv  iuindlcd  coverings  with  the  conformabilily,  water  evaporation 
control  capabitity  and  structural  qualitiea  of  skin.  Coll.igcn  films  alone  provide  successful  bum 

ooA'd..^ 
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Continuation  of  RECORD  AND  DISCLOSURE  OF  INVENTION  form  NAVSO  5870/35  (Rev.  6-73). 

Part  II.  Disclosure  of  Invention 

Section  4.  Advantages  and  New  Features  (cont'd) 


coverin3S  for  2 to  3 days,  but  then  dry  out.  However,  lamination  of  a poly-e-capraiactone  film 
to  the  outside  of  a collagen  film  prevents  drj’ing  out  and  successfully  controls  insensible  water 
loss. 


The  poly-€-caprolactone  laminates  are  more  conformable  than  the  silastic-nylon  velour  covering 
and  have  not  exhibited  the  failure  of  the  lamination  bond  as  has  been  observed  with  The  Epigard 
covering.  The  ach'antage  of  the  poly-e-caprolactone  over  polyglycolic  acid  (PGA),  another  bio- 
compatible polymer,  is  that  the  former  is  significantly  more  conlormable  than  PGA.  This  is  of 
major  importance  to  initial  application  and  the  ultimate  formation  of  a viable  interface  between 


the  wound  and  the  covering. 


In  terms  of  ease  and  simplicity  of  production  and  behavior  on  the  wound,  a covering  made  solely 
of  poly-e-caprolactone  is  most  desirable.  It  is  composed  of  an  upper  film  layer  and  a lower 
velour  or  foam  layer  of  the  polymer.  In  addition  to  being  totally  biodegradable  and  biocompatible, 
lamination  problems  are  eliminated. 


Section  6.  Contributions  bv  Inventors 


The  invention  is  the  direct  result  of  an  idea  put  forth  by  Dr.  K.  Sell  at  The  Office  of  Naval 
Research  and  the  materials  development  and  engineering  capabilities  of  Dynatech  R/D  Co. 
(specifically  Donald  L.  Wise,  PhD  and  Arthur  D.  Schwope). 


Section  7.  Execution  of  Disclosure 


INVENTOR(S): 
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DYNATECH  R/D  COMPANY 

A DIVISION  OF  DYNATECH  CORPORATION 
99  ERIE  STREET.  CAMBRIDGE . MASS..  02139 


June  13,  1974 


617.868-8050 


Patent  Counsel  (Code  109) 

Naval  Coastal  Systems  Laboratory 
Panama  City,  Florida  32401 

Dear  Mr.  Doty: 

Enclosed  are  three  signed  and  sealed  NAVSO  5870/43  forms  and 
four  signed  NAVSO  5870/18  forms. 

Dr.  Donald  L.  Vise  and  I have  read  the  patent  application  and 
have  the  following  comments: 

1.  Page  4,  lines  15-22:  ’’Those  bum  wound  coverings...” 

Viable  human  skin  and  proclne  do  require  special  storage  facili- 
ties. However,  freeze-dried  s?'in  is  available  which,  once  it  is 
bottled  under  vacuum,  has  a long  shelf  life.  The  major  draw  backs 
of  skin  are  its  scarcity  and  expense.  Also  skilled  personnel  are 
required  for  procurement  of  natural  skins. 

Most  gels  and  foams  do  not  require  special  storage  facilities; 
rather  it  is  the  impracticalllty  of  gel  and  foam  application  in 
"various  remote.  Isolated  and  limited  facilities  areas’’  that  limit 
their  use. 

2.  The  thickness  range  of  the  film  should  be  extended  from  0.001-0.01 
inch  to  0.0005-0.01  inch. 

3.  Page  7,  lines  16,  17 

Tetrahydrofuran  ^s  not  a "substantially  non-irritating"  solvent. 
However,  acetone  (E.F.  Cox,  U.S.  Patent  3,021,309,  page  8,  lines  25-30) 
or  mixtures  with  or  of  Freons  11  and  12  are  much  less  toxic  and  more 
preferred  solvents.  The  best  solvent  has  not  been  determined. 
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Patent  Counsel 

Naval  Coastal  Systems  Laboratory 


Jun«  13,  1974 
Page  2 


4.  "Tetrahydrofura^n"  is  misspelled  throughout  the  application. 

5.  "Particularly"  is  misspelled  on  page  2,  line  14. 


These  are  our  comments  and  change  recommendations  for  the 
applications.  Questions  should  be  directed  to  Dr.  Wise  or  myself. 


Staff  Engineer 

ADS/klh 


Enclosure 


Navy  Case  No.  57,354 
Harvey  A.  David,  Patent  Adviser 
Naval  Coastal  Systems  Laboratory 
Panama  City,  Florida  32401 
Telephone:  904-234-4331 


APPLICATION  FOR  LETTERS  PATENT 

TO  ALL  WHOM  IT  MAY  CONCERN: 

BE  IT  KNOWN  THAT  DONALD  L.  WISE,  ARTHUR  D.  SCHWOPE,  and 

KENNETH  W.  SELL, 

citizens  of  the  United  States  of  America, 


and  residents_  of 


have  invented  certain  new  and  useful  improvements  in_ 

WOUND  COVERING  AND  METHOD  OF  APPLICATION 

of  which  the  following  is  a specification: 
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ABSTRACT  OF  THE  DISCLOSURE 

A preparation  and  a method  are  described  for  emergency, 
interim  treatment  of  extensive  burn  injuries,  e.g.,  flash 
burns,  to  external  portions  of  a person.  A solution  of  the 
polymer  poly-£-caproloctone  in  a volatile  solvent,  such  as 
acetone  or  tevrahydrofuron,  is  applied  to  the  burn  area  by 
spraying  or  swabbing,  so  that  upon  evaporation  of  the  solvent 
a film  of  the  polymer  is  left  to  serve  as  a barrier  to  insensible 
water  loss. 


STATEMENT  OF  GOVERNMENT  INTEREST 

The  invention  described  herein  may  be  manufactured  and 
used  by  or  for  the  Government  of  the  United  States  of  America 
for  Governmental  purposes  without  the  payment  of  any  royalties 
thereon  or  therefor. 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  the  treatment  of  burn  wounds, 
and  more  particularloy  to  a method  and  means  for  providing  such 
treatment  as  a "first  aid"  expedient,  and  at  times  as  part  of 
more  sophisticated  supportive  treatment. 

Shock  is  a major  cause  of  death  in  the  immediate  period 
following  a severe  burn,  such  as  a flash  burn,  over  large  portions 
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Navy  Case  No.  57,354 

of  the  body.  A primary  cause  of  shock  has  been  recognized  as 
the  excessive  loss  of  body  fluids  and  protein  through  the 
burned  areas.  This  loss  occurs  primarily  through  evaporation, 
and  the  process  is  not  visible  or  otherwise  readily  detectable 
to  the  subject  or  observer.  The  loss  is  therefore  termed 
insensible,  although  the  results  thereof  are  dramatically 
apparent  in  the  shock  process. 

Many,  if  not  most,  burn  accidents  occur  under  circumstances 
that  make  it  impossible  for  the  victim  to  receive  Immediate 
supportive  treatment  in  a hospital.  Such  is  the  case,  for 
example,  with  disasters,  accidents,  or  conflicts  occurring  in 
remote  areas,  at  sea,  or  under  other  adverse  conditions. 
Accordingly,  there  has  long  been  a need  for  suitable,  adequate, 
readily  available,  and  easily  applied  burn  treatment  that  can  be 
administered  by  relatively  unskilled  persons  at  the  scene  of 
injury. 

DISCUSSION  OF  THE  PRIOR  ART 

In  the  past  there  have  been  used  various  creams,  greases, 
sprays,  and  homemade  concoctions  designed  to  sooth  and  protect 
the  wound,  immediately  following  a bum,  as  a first-aid  treatment. 
In  general,  these  have  been  ineffective  in  stopping  insensible 
fluid  and  protein  loss  through  the  bum  site  and  have  been  messy 
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and  difficult  to  apply.  The  latter  factors  are,  of  course, 
deterrents  to  effective  use  by  unskilled  persons  in  a first-aid 
situation. 

In  addition,  there  have  existed  various  coverings  for 
burns  and  similar  wounds  requiring  covering  of  a substantial  area 
for  extended  periods  of  time  during  the  skin  regeneration  and 
healing  process.  These  have  included  skin  grafts  where  the  skin 
was  obtained  either  from  another  person  or  animal,  or  from  another 
area  of  the  injured  party.  Also,  there  have  been  provided  various 
sheets,  foils,  and  webs  or  fabrics  made  from  various  synthetic 
plastic  materials,  animal  collagen,  and  the  like.  Examples  of 
the  latter  are  described  in  U.  S.  Patent  No.  3,491,760  to 
Bernhard  Braun  et  al.  Use  of  burn  wound  coverings  in  the  form 
of  fibrillar  products  comprsing  polyglycolic  acid  are  alluded  to  in 
U.  S.  Patent  No.  3,739,773  to  Edard  E.  Schmitt  et  al . Those 
burn  wound  coverings,  and  particularly  those  comprising  foams, 
gel  Is  or  foils  of  collagen,  or  other  moist,  conformable  dressing, 
require  special  storage  techniques  and  facilities  that  render  them 
quite  impractical  to  have  available  for  innediate  use  as  a 
first-aid  supply  in  various  remote,  isolated,  and  limited  facility 
places  where  flash  burns  and  other  extensive  injuries  to  the 
skin  may  occur. 
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SUMMARY  OF  THE  INVENTION 

The  present  invention  aims  to  overcome  some  or  many  of  the 
disadvantages  and  shortcomings  of  the  prior  art,  with  respect 
to  emergency  or  first-aid  burn  dressings  or  treatment,  through 
the  utilization  of  our  discovery  that  a thin  plastic  film  of 
po1y-£ -caprolactone  formed  directly  on  the  surface  of  a burn 
wound  will  adhere  thereto  and  will  control  insensible  fluid  loss 
by  evaporation  so  as  to  occur  at  a substantially  normal  rate, 
and  that  such  a film  can  be  effectively  formed  by  applying  a 
solution  of  poly-c-caprolactone  in  a suitable  solvent,  such  as 
acetone  or  tetrahydrofuran. 

With  the  foregoing  in  mind,  it  is  a principal  object  of  the 
invention  to  provide  an  improved  wound  covering  which  is 
suitable  for  first-aid  use  on  burns,  is  sufficiently  compatible 
with  human  tissue  and  fluids  to  adhere  to  a burn  wound  for  a 
useful  period  of  time,  and  is  notably  effective  in  maintaining 
fluid  balance  in  a subject. 

Another  object  of  the  invention  is  to  provide  a burn  wound 
treatment  materials  which  can  be  stored  for  prolonged  periods  of 
time  in  a convenient  and  readily  usable  form,  without  any 
requirement  for  special  storage  facilities  or  conditions. 

Still  another  object  is  the  provision  of  burn  treatment 
material  of  the  foregoing  character  and  comprising  poly-c- 
caprolactone  in  a solvent  or  vehicle  that  will  rapidly  evaporate 
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after  application  to  a wound  surface  to  leave  a thin,  covering 
film  of  the  poly-c -caprolactone  adhering  to  the  wound. 

As  another  object,  the  invention  contemplates  the  packaging 
of  the  poly-e -caprolactone  and  its  solvent  in  a container  having 
means  for  ejecting  the  contents  thereof  in  the  form  of  a spray 
or  aerosol  onto  an  affected  area  to  be  treated,  such  as  a 
flash  burn. 

Yet  another  object  of  the  invention  is  to  provide  a method 
of  burn  treatment  including  the  steps  of  forming  a solution  of 
poly-e  caprolactone  in  a volatile  solvent,  applying  a layer  of 
the  solution  over  a surface  to  be  treated,  and  allowing  the 
solvent  to  evaporate  so  as  to  form  a film  of  poly-E  caprolactone 
having  a thickness  in  a predetermined  range. 

The  poly-e-caprolactone,  with  which  the  discovery  of  this 
invention  is  concerned,  is  a biodegradable  solid  polymer  having 
a molecular  weight  in  the  range  of  2,000  to  300,000,  and  which 
polymer  is  soluble  in  liquid  solvents,  specifically  acetone  and 
tetrahydrofuran.  U.  S.  Patent  No.  3,021,309  to  E.  F.  Cox  et  al 
describes  the  polymer  poly- t-caprolactone  and  its  generation. 

The  chemical  derivation  of  the  polymer  per  se  is  not  considered 
to  be  part  of  this  invention,  poly-e-caprolactones  having  been 
known  in  the  chemical  arts  for  many  years  now,  as  is  evident 
from  that  patent.  Moreover,  as  also  pointed  out  by  that  patent. 
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the  polymer  concerned  is  soluble  in  acetone,  and  is  capable 
of  being  formed  into  films. 

What  is  considered  to  be  a notable  advancement  in  the 
medical  art  is  our  discovery  that  a solution  of  poly-e-caprolactone 
in  a volatile  solvent  can  be  applied  directly  to  a burn  wound 
surface,  and  that  the  solvent  will  evaporate  to  leave  a thin, 
flexible  film  or  skin  of  poly-c-caprolactone  that  will  adhere 
to  the  wound  surface  and  will  effectively  control  the  evaporative 
water  loss  from  a severe  burn  during  the  inmediate  post  burn 
period  and  until  more  conventional  supportive  burn  treatment  can 
be  undertaken. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

In  carrying  out  the  invention  it  is  preferred  that  the 
solution  of  poly-c-caprolactone  be  prepared  with  a solvent 
that  is  volatile  and  substantially  non-irritating  to  a subject 
when  applied  thereto.  Accordingly,  in  an  exemplary  embodiment 
the  solvent  may  comprise  liquid  tetrahydrofuron,  and  the 
prepared  solution  may  be  placed  in  a suitable  container  for 
prolonged  storage  in  contemplation  of  possible  future 
emergency  use. 

In  some  instances,  it  may  be  desirable  to  utilize  a 
container  that  has  spraying  capability,  such  as  the  conventional 
aerosol  spray  can.  A suitable  propellant,  such  as  that  sold  under 
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the  name  Freon,  may  be  included  in  a pressurized  state  in  the 
container  to  facilitate  spraying  of  the  solution.  Alternatively, 
the  solution  may  be  stored  in  a container  without  spraying 
capability,  with  the  intention  of  applying  the  solution  to  a 
burn  by  means  of  a swab. 

When  an  injury  occurs  that  removes  or  destroys  the  normal 
water  retaining  capabilities  of  a subject's  keratinaceous  tissue, 
for  example  in  the  case  of  a severe  abrasion,  flash  burn,  or 
the  like,  the  poly-e-caprolactone  and  solvent  solution  is 
applied,  either  by  spraying  or  swabbing,  as  a coating  over  the 
entire  injured  area.  As  the  solvent  evaporates  a thin  flexible 
film  of  the  polymer  is  left  adhered  to  the  wound  surface.  This 
film,  which  is  preferably  in  the  thickness  range  of  0.001  inch 
to  0.01  inch  in  thickness,  replaces  the  destroyed  natural 
keratin  moisture  barrier.  Once  the  victim  reaches  a burn 
treatment  center,  the  film  can  be  removed  and  traditional  burn 
treatment  begun. 

Obviously,  other  embodiments  and  modifications  of  the 
subject  invention  will  readily  come  to  the  mind  of  one  skilled 
in  the  art  having  the  benefit  of  the  teachings  presented  in  the 
foregoing  description.  It  is,  therefore,  to  be  understood 
that  this  invention  is  not  to  be  limited  thereto  and  that 
said  modifications  and  embodiments  are  intended  to  be  included 
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Claim  1 

A preparation  for  treatment  of  burn  wounds,  said 
preparation  comprising: 

a solution  of  the  polymer  poly-e-caprolactone  in  a 
volatile  solvent; 

said  solution  being  free  of  irritating  effects  when 
applied  to  a burn  surface  of  a person;  and 

said  solution  being  adapted  to  form  a thin,  flexible  film 
of  said  polymer  on  said  surface  upon  evaporation  of 
said  solvent. 


Claim  2 

A preparation  for  treatment  of  burn  wounds,  as  defined 
in  claim  1,  and  wherein: 

said  solvent  comprises  acetone. 

Claim  3 

A preparation  for  treatment  of  burn  wounds,  as  defined 
in  claim  1,  and  wherein: 

said  solvent  comprises  tetrahydrofuron. 
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Claim  4 

A preparation  for  treatment  of  burn  wounds,  as  defined 
in  claim  1,  and  wherein:  | 

said  solution  is  adapted  to  form  said  film,  with  said 
film  having  a thickness  in  the  range  of  0.001  inch 
to  0.01  inch. 

Claim  5 

A preparation  for  treatment  of  burn  wounds,  as  defined 
in  claim  4,  and  wherein: 

said  solvent  comprises  acetone. 

Claim  6 

A preparation  for  treatment  of  burn  wounds,  as  defined 
in  claim  4,  and  wherein: 

said  solvent  comprises  tetrahydrofuran. 

Claim  7 

A method  of  treating  an  extensive  burn  injury  to  a 
person,  comprising  the  steps  of: 

coating  the  injured  area  with  a solution  of  poly-e-caprolactoi 
in  a volatile  solvent; 

allowing  said  solvent  to  evaporate, so  as  to  leave  a flexible, 
thin  film  of  said  poly-c-caprolactone  as  a barrier  to 
insensible  water  loss  through  said  injured  area. 
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Claim  8 

A method  of  treating  an  extensive  burn  injury  to  a person 
as  defined  in  claim  7,  and  wherein: 

said  step  of  coating  comprises  spraying  of  said  solution 
onto  said  injured  area. 

Claim  9 

A method  of  treating  an  extensive  burn  injury  to  a person, 
as  defined  in  claim  7,  and  wherein: 

said  step  of  coating  comprises  swabbing  said  solution  onto 
said  injured  area. 

Claim  10 

A method  of  treating  an  extensive  burn  injury  to  an 
external  portion  of  a person,  comprising  the  steps  of: 

spraying  a layer  of  a solution  of  poly-^-caprolactone 

in  a volatile  solvent  comprising  liquid  tetrahydrofuran 

i 

i 

onto  said  external  portion;  | 

allowing  said  solvent  to  evaporate  so  as  to  leave  a thin,  | 
flexible  film  of  said  poly-c-caprolactone,  having  a 
thickness  of  0.001  inch  to  0.01  inch,  adhering  to  said 
portion  so  as  to  form  a barrier  to  insensible  water 
loss  therethrough. 
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Th**  undersigned  !nvenior(s).  in  recoeniiion  of  obliealton  as  »*fnp  I oyeef  s ) of  the  Cuii* 

tractor  to  ■i-'SihEn  inventions  to  the  Contractor,  and  pursuant  to  the  obligations  of  the  Contractor  to  ffc 
Government  unJ^^r  ih'*  above  contract,  herebv  XXK)CXX  to  the  L'nited  States  of  America,  .^ubiect  C 

a nonevclu^ive  and  rovalty-free  license  which  it  herebv  reserved  to  th»*  Contractor,  all  rieht,  title  ag 
interest  in  and  to  each  invention  disclosed  and  claimed  in  the  above  L'.S>  patent  application. 


The  license  reserved  to  the  Contractor  shall  extend  to  all  existing  and  future  associated  and  •(f*, 
filiated  companies,  if  any,  within  the  corporate  structure  of  which  the  Contractor  is  a part  and  shall 
be  assignable  to  the  successor  of  that  part  of  the  Contractor's  business  to  which  such  invention  p*:-- 
tains. 


The  Inventor(s)  further  XKOIOtX  (agree)  to  aasiat  the  Contractor,  and  the  Government,  upon  request; 
by  furnishing  any  available  information  and  documents,  and  by  performing  ell  acts  end  doing  ell  thinge^ 
which  mey  be  reasonably  necessary  to  make  this  assignment  effective. 


^ The  Contractor  joins  in  and  agrees  to  the  foregoing  assignment,  and  except  for  the  ebove  reserva*~ 

tion  of  a License  relinquishes  and  assigns  all  right,  title  and  interest  in  and  to  such  invention,  and^ 

further  agrees  to  furnish  to  the  Iniied  Slates  of  America,  upon  request,  any  available  information  and j 

documents  necessary  for  the  prosecution  of  the  above*  i dent  i f i ed  application  for  patent  (including 

prosecution  and  settlement  of  i n t e r f e ren c e s ) . and  any  substitution,  division,  con t i nu a t ion • i n * pa r t . orj 
continuation  of  such  patent  application  and  any  application  for  reissue  of  any  patent  resulting  from  | 
such  patent  application.  J 


DECLARATION,  POWER  OF  AriORNEY,  AND  PETITION 


X*  (W€)  , OONAID  1.  WISE.  ARTHUR  D.  SCHWOPE.  and  KEWWETH  W.  SELt 

declare  that  m are  citizen_^  of  the  United  States  of  Ainer<ca 


realding  at 

that  we  have  read  the  foregoing  specification  and  claims  and  we  verllv  be- 
lleve  we  are  the  original,  first  and  joint  inventor  t of  the  Invention  or 
discovery  in  WO'^ND  COVERING  AND  METHOD  OF  APPLICATIOR  


described  and  claimed  therein;  that  we  do  not  know  and  do  not  believe  that 
this  invention  was  ever  knoian  or  used  before  ou**  invention  or  discovery 
thereof,  or  patented  or  described  in  any  printed  publication  in  any  country 
before  our  invention  or  discovery  thereof,  or  more  than  one  year  prior  to 
this  application,  or  in  public  use  or  on  sale  in  the  United  States  for  more 
than  one  year  prior  to  this  application;  chat  this  invention  or  discovery  has 
not  been  patented  in  any  country  foreign  to  Che  United  States  on  an  applica- 
tion filed  by  us  or  our  legal  representatives  or  assigns  more  chan  twelve 
months  before  this  application;  and  chat  no  application  for  patent  on  this 
invention  or  discovery  has  been  filed  by  nc  or  our  representatives  or 
assigns  in  any  country  foreign  to  the  United  States; 

And  we  hereby  appoint  Richard  S.  Sclasda,  Registry  No.  17,547;  Don  D.  Doty, 
Registry  No.  19,314;  and  Harvey  A.  David.  Registry  No.  18.937;  or  either  of  them 
of  Che  Office  of  Naval  Research,  Department  of  Che  Navy,  Washington,  D.  C., 
20360,  our  attorneys  with  full  power  to  prosecute  this  ap- 

plication and  CO  transact  all  business  in  the  Patent  Office  connected  there- 
with; 


The  undersigned  petitioners  declare further  that  all  sta cements  made 

herein  of  our  own  knowledge  are  true  and  chat  all  statements  made  on  informs 
Cion  and  belief  are  believed  to  be  true;  and  further  Chat  these  statements 
were  made  with  Che  knowledge  chat  willful  false  statements  and  the  like  so 
made  are  punishable  by  fine  or  Imprisonment,  or  both,  under  section  1001  of 
'Title  18  of  Che  United  States  Code  and  chat  such  willful  false  statements 
may  Jeopardize  the  validity  of  Che  application  or  any  patent  Issuing  thereon; 

And  we  hereby  certify  chat  Che  Government  of  the  United  States  of 
, America,  represented  by  the  Secretary  of  the  Navy,  has  an  Assignment  of 
Che  invention  set  forth  in  this  application  and  has  Che  irrevocable  right  to 
prosecute  this  application; 

Wherefore,  we  pray  that  Letters  Patent  be  granted  to  us  for  this 
invention  or  discovery  described  and  claimed  in  Che  foregoing  specification 
and  claims,  and  we  hereby  subscribe  our  names  to  the  foregoing  specifi- 
cation and  claims,  declaration  ,(^w^r  of  attomey^^nd  this  petition. 
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99  ERIE  STREET.  CAMBRIDGE.  MASS..  02139 

617-868-8050 

December  23,  1974 


Department  of  the  Navy 
Office  of  Naval  Research 
Arlington,  Virginia  22217 

Attention:  A.  F.  Kwitnleskl,  Patent  Counsel 

Subject:  Invention  Reporting  Under  Contract  N00014-73-C-0201 

Dear  Sir: 

On  October  30,  1973  Dynatech  R/D  Co.  submitted  two  patent  disclosures 
to  your  attention.  The  disclosures  resulted  from  our  contract  work  for  the 
Office  of  Naval  Research  to  develop  a synthetic  polymer  burn  covering  as  a sub- 
stitute for  cadaver  and  other  natural  skins  in  the  treatment  of  major  burns.  A 
laminate  covering  and  an  immediate  post-burn,  spray-on  covering,  both  based  upon 
the  use  of  poly-e-caprolactone,  were  described.  Poly-c-caprolactone  has  been 
selected  as  the  material  from  which  the  synthetic  covering  will  be  fabricated 
because  thin  films  are  pliable  and  have  moisture  vapor  transpiration  properties 
similar  to  that  of  skin. 

The  laminate  covering  is  composed  of  a thin  poly-e-caprolactone  (PCL) 
film  which  controls  insensible  water  loss  and  a substrate  material  (velour,  foam  or 
collagen)  which  provides  a structure  onto  and  into  which  tissue  growth  is  promoted. 
Tissue  growth  - evidenced  by  adherence  of  the  covering  to  the  wound  - is  of  major 
importance  to  the  acceptance  of  autograft  as  the  treatment  progresses. 

Since  the  time  of  the  above  referenced  disclosures,  in  vivo  and  in  vitro 
experimentation  have  refined  the  laminate  burn  covering.  It  is  the  purpose  of 
this  letter  to  disclose  two  new  advances  in  our  substrate  preparation  process, 
the  development  of  a freeze-dried  poly-e-caprolactone  foam  and  the  development 
of  a freeze-dried  collagen  foam/PCL  laminate.  In  both  cases,  freeze-drying  is 
used  to  obtain  porous  substrates  which  result  in  more  "skin-like”  burn  coverings 
when  laminated  to  PCL  films.  The  descriptions  of  the  processes  follow. 
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Freeze-dried  Poly-c-caprolactone  Foam 

As  mentioned  above,  adherence  of  the  covering  to  the  wound  Is  essential 
to  the  successful  treatment  of  the  burn.  Flat  films  do  not  adhere.  Therefore 
we  have  developed  a freeze-drying  process  to  prepare  a porous  foam  of  PCL  which 
Is  laminated  to  a thin  film  of  PCL  resulting  in  a totally  synthetic  covering  of 
one  material.  This  avoids  the  oftentimes  objectionable  and  impractical  task 
of  bonding  dissimilar  materials.  Adhesive  degradation  has  been  a major  factor 
In  the  failures  of  other  laminate,  synthetic  burn  coverings. 


The  freeze-drying  process  is  as  follows: 


1)  Prepare  50  milliliters  of  0.013  gm  PCL/ml  benzene  solution, 

2)  Charge  the  solution  to  a 500  milliliter  straight-walled  flask. 

3)  Position  the  flask  so  the  wall  Is  parallel  to  the  floor. 

4)  Rotate  the  flask  until  the  wall  Is  uniformly  coated  with  the 
solution . 

5)  Freeze  the  solution  by  lowering  the  flask  into  an  ice-acetone 
bath.  Continue  rotating  for  30  minutes. 

6)  Reduce  internal  flask  pressure  to  < 5 mm.  in  order  sublime  i 

and  remove  the  solvent . ■ 

7)  Continue  rotating  and  evacuating  the  flask  for  two  hours.  j 

8)  Raise  the  flask  from  the  ice  bath;  equilibrate  to  room 
temperature;  and  remove  the  foam  from  the  flask. 

The  resulting  foam  will  be  45  to  50  mils  thick  with  pores  ranging 
from  0.001  to  0.03  inch  in  diameter.  Foams  of  other  thicknesses  and  pore  : 

sizes  can  be  made  by  changing  the  amount  and  concentration  of  the  solution 
charged  to  the  flask. 

The  burn  covering  is  then  made  by  solvent  welding  the  foam  to  a thin  i 
film  of  poly-c-caprolactone.  Such  a laminate  has  been  evalu.ated  in  vivo  using 
the  burnt  rat  model.  The  results  are  favorable  and  further  testing  is  in  pro- 
gress. The  foam  laminate  concept  was  disclosed  on  October  30,  1973  and  was  J 

first  evaluated  in  vivo  in  September,  1974,  by  Dr.  D.  P.  Dressier  of  the  | 

Harvard  Medical  School.  1 
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Freeze-drted  Collagen  Foam/PCL  Laminate 

The  October  30,  1973,  disclosure  also  included  laminates  of  poly-e- 
caprolactone  with  collagen.  The  collagen  available  at  that  time  had  been  dried 
and  pressed  into  a flat  film.  In  vivo  evaluation  showed  that  the  collagen/PCL 
laminates  fabricated  with  that  collagen  successfully  controlled  Insensible 
water  loss  from  the  excised  wound;  however,  these  laminates  did  not  exhibit 
the  early  adherence  required  of  a bum  covering.  Also  the  laminate  did  not 
have  the, high  degree  of  conformability  that  is  required  for  a material  to  readily 
conform  to  body  contours  and  movements.  Therefore  work  was  initiated  to  prepare 
a more  pliable  and  three-diraensionally  structured  (i.e.,  porous)  form  of  collagen 
for  use  as  the  substrate  material  which  can  be  laminated  to  the  PCL  film 

Since  the  objective  of  this  project  is  to  develop  a synthetic  burn 
covering  which  approximates  human  skin  in  end  results,  we  have  used  freeze- 
dried  cadaver  skin  as  base  line  material.  This  skin  is  prepared  by  freezing 
excised  skin  and  reducing  the  pressure  to  sublimate  the  water  from  the  skin. 

The  resulting  rather  hard  and  non-conformable  material  is  bottled  under  vacuum. 
Immediately  prior  to  use;  the  bottle  is  opened  under  physiological  saline 
solution.  The  solution  rushes  into  the  bottle  and  completely  saturates  the 
previously  dried  skin  making  it  highly  conformable.  The  skin  is  then  applied 
directly  to  the  excised  burn  wound. 

Following  this  example  we  have  freeze-dried  a moist,  cadaver-like  form 
of  collagen.  This  dried,  stable,  porous  material  (2"  x 10")  is  then  pressed 
onto  a tacky,  cast  film  of  poly-c-caprolactone.  (The  film  is  made  tacky  with 
benzene  solvent.)  The  solvent  is  removed;  and  a laminate  of  porous,  freeze- 
dried  collagen  and  PCL  remains.  Similar  to  the  cadaver  skin,  the  laminate  is 
bottled  under  vacuum  and  prior  to  use,  the  bottle  is  opened  under  aqueous  solution 
The  resulting  moistened,  collagen/PCL  laminate  is  very  conformable.  Upon  wetting 
delamination  has  not  been  observed.  The  covering  is  applied  with  the  collagen 
side  towards  the  excision. 

On  April  2,  1974  U.S.  Pat  3,800,792  - "Laminated  Collagen  Film  Dresslng"- 
was  granted  to  McKnight  et  al.  The  discussion  of  prior  art  and  background  con- 
tained therein  is  directly  applicable  to  the  work  at  Dynatech  R/D  Co.  The  patent 
describes  a laminate  composed  of  a collagen  foam  film  and  a synthetic  polymer 
layer  to  control  insensible  water  loss. 

The  advantage  of  the  dressing  which  we  have  developed  over  that  described 
In  U.S.  Pat  3,800,792  is  the  higher  degree  of  conformability  which  is  a result  of 
the  lower  total  laminate  thickness  (8  mils  vs.  18  mils)  and  the  skin-like  behavior 
of  the  remoistened  PCL/collagen  laminate.  The  high  degree  of  conformability  which 
has  been  attained  is  expected  to  Increase  the  degree  of  early  adherence  between 
the  covering  and  the  wound. 
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Department  of  the  Navy 
Office  of  Naval  Research 


December  23,  1974 
Page  4 


This  information  about  two  refinements  of  the  previously  disclosed 
laminate  wound  covering  is  provided  in  fulfillment  of  the  Patent  Rights  (title) 
clause.  General  Provision  Clause  No.  57  of  the  contract.  We  feel  both  improve- 
ments are  significant  and  warrant  patent  application. 


ADS;vw 


Arthur  D.  Schwope 
Principal  Engineer 
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DyNATECH  R/D  COMPANY  TEL  617-868-6050 
99  ERIE  STREET  • CAMBRIDGE.  MA  02139  • USA 

August  11,  1977 
ONR-2 

Defense  Logistics  Agency 

Defense  Contract  Administration  Services 

Management  Area,  Boston 

666  Summer  Street 

Boston,  Massachusetts  02210 

Attention:  Edwin  H.  Chadwick 

Subject:  Disclosure  of  Inventions  Required  by  Contract  N0001A-73-C-0201 

Gentlemen : 

On  October  30,  1973,  Dynatech  R/D  Co.  submitted  two  patent  disclosures 
to  A.F.  Kwletnleski  Patent  Council  for  the  Department  of  the  Navy.  The  dis- 
closures covered  patentable  items  developed  during  work  for  the  Office  of  Naval 
Research  on  the  subject  contract  covering  the  development  of  a synthetic  polymer 
bum  covering  as  a substitute  for  cadaver  and  other  natural  skins  in  the  treat- 
ment of  major  bums.  A laminate  covering  and  an  Immediate  post-burn,  spray-on 
covering,  both  based  upon  the  use  of  poly-e-caprolactone,  were  described. 
Poly-e-caprolactone  (PCL)  has  been  selected  as  the  material  from  which  the 
synthetic  covering  will  be  fabricated  because  thin  films  are  pliable  and  have 
moisture  vapor  transpiration  properties  similar  to  that  of  skin. 

The  laminate  covering  is  composed  of  a thin  poly-e-caprolactone 
film  which  controls  insensible  water  loss  and  a substrate  material  (fabric, 
foam,  or  collagen)  which  provides  a structure  onto  and  into  which  tissue  can 
grow.  Tissue  growth  unto  the  coating  - evidenced  by  adherence  of  the  covering 
to  the  wound  - is  of  major  Importance  to  the  acceptance  of  autograft  as  the 
treatment  progresses. 

On  December  23,  1974,  two  refinements  on  the  laminate  bum  covering 
were  disclosed  to  A.  F.  Kwletnleski.  These  were  the  preparation  of  a freeze 
dried  poly-e-caprolactone  (PCL)  foam  and  a freeze  dried  PCL  foam/PCL  film  laminate. 
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Since  that  time  refinements  have  been  made  in  both  the  laminate 
covering  and  in  the  immediate  post-bum  spray-on  or  wlpe-on  covering  which 
was  in  the  discovery  that  addition  of  a biocompatible  plasticizer  increases 
flexibility  and  adhesion  of  the  PCL  film. 

Copies  of  the  Record  and  Disclosure  of  these  inventions  on  NASO 
Form  5870/35  (Rev.  6-73)  are  enclosed.  These  disclosures  complete  the  require- 
ments of  Paragraph  (c)  of  the  Patents  Rights  Clause  in  contract  N00014-73-C-0201. 


ISiW:lmv 

Enclosures 

Copies  to:  Capt.  K.W.  Sell,  M.D. 

Commander  J.  Bond 
A.B.  Callahan,  Ph.D. 
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IWyrWCTIQW^.  a N**?  •■pi*?**  •r  •■  *«pl«?««  •£  • !(••?  «••••*•!••  •A»«W  ••• 
tfci*  f*r»  •h**  •■baittmi  •*  Ai*cl*a«r«  C*  tli«  Dapartaant  •(  tb* 

Navy.  Orasiaal  aa^  tae  capiaa  abauld  ba  prtataA  *r  C?paA  aaA  faraarAaA  ta 
bk*  lV*«y  Patant  rapraaaaiai i «a  in  iha  araa  or  Airactl?  i*  tba  Offic*  *1  Na*« 
*l  P****rcb  at  th*  abava  addraaa.  Wbara  apaca  an  fara  la  inoAapaat*.  antar 
** ***  *tt*eb*4  pat*“>  idantifv  ita«  ba  avsbar  anJ  aaa  plai*  papaa  aa  naao^b. 
Vh**  ••■platal?  aaacytaA,  thta  (ora  bacaaaa  an  lapartoat  lapal  4ac«a**t  ••*- 
f*l  i*  pr**i*f  priartty  *1  tnvontiaa. 


POP  use  >Y  WaVV  PATEWT  ACTIVITY 
r*Tiat  ncrivir*  faM«|  | m«v  « 


1.  IMvCNTOatS) 


John  B,  Gregory 


Aooacss 

a051Tt0N  TITLE 

19  Concord  Road 
Wayland,  Mass. 

Engineering 

Director 

0*1  OVF*  rPflivK?  A ar  A a^*. 

Dynatech  R/D  Co. 

99  Erie  Street 
Cambridge » Mass. 


a»  actcatmvt  titvi  or  invotTiai  •(  is*******  »*  /■#*  /i  ••  r#*####/^ 


•ynchetic  sheet  material  for  covering  bums  during  therapy.  The  functions  required 
are  obtained  by  a composite  structure  formed  by  laminating  a plasticized  poly-  - 


mm 


.i^fabric  knit  fronPCL  fiber  with  or  without  admixture 


2.  conception,  initial  WECOaPS  *ND  results  OF  FIRST  KQ3EL 

a.  aMtlltT  a*TI  «*I0  rt*ci  IMvWTIOM  concctvto  /ia#*ti/y  ^ar****  **4  r#**r«*  t*  •m^p0tt  ««l#  **4  #l«##) 

On  March  1,  1977,  John  B.  Gregory  conceived  of  adding  plast-lcizer  to  the  PCL  film  to 
Inprove  the  flexibility  and  conformability  of  the  PCL  film  PCL  fabric  laminate  and 
gave  detailed  instructions  to  Jane  L.  Knowles  to  prepare  such  laminates. 

a.  ann  raa  antiOir  kocnnai  or  rinsr  latTo*.  onsoino  eo  naoro  wo  rinsr  ooittoi  oc«ctirT«M  ts»tk  ••  «*ir«#«.  0it.  i tua  first  modeiS  IS?de 

with  plasticized  PCL  film  were  laminated  at  the  Dynatech  R/D  Co.  99^brle  St.,  Ca^rlctge, 
MA,  on  March  3,  1977.  See  Dynatech  Notebook  pages  26376  and  26379. 

a.  MTK  4aa  awoec  or  cet^Lcrioo  or  ntsr  o^corriaa  moocl  o*  ruc4.  ikc  oivici  wo  *rt  ^auair  iOC«ri«M 

March  3,  1977  Dynatech  R/D  Company. 

A#  aaTt  rao  olack  or  nasT  tcit  eo  orciATioa  wo  tmc  ica>LT$  fCi*«  **■«  **4  •44*««*  •(  •***•••••,  **4  ^##a**t  i*******  •/  #««*#4#j 

The  laminates  were  applied  to  full  excision  wounds  on  the  backs  of  rats  at  SISA,  Inc. 

767-B  Concord  Ave.  Cambridge,  Mass,  during  the  period  March  29th  to  April  4,  1977  as 
specified  by  Dynatech  Engineers  in  Dynatech  Purchase  Order  No.  15634  dated  3/24/77  and 
under  the  supervision  of  John  F.  Howes,  Ph.D.  of  SISA,  Inc.  The  adhesion  of  the  laminates 
to  the  wound  was  determined  at  the  Dynatech  R/D  Company  1,  3,  and  6 days  after  application 


4.  OTHER  RECORDS  (Notebook  anffioo,  dcoer  * pr  <ono , rapoflo.  drawitigt,  afc.; 
lOEHTiriCOtlON  j DATE  OF  DOOMCNT  | OACSCN 


The  record  of  these  tests  is  in  the 
Progress  Report  on  Contract  N00014-73- 
C-0201  dated  July  18,  1977  for  the 
period  January  1,  1977  to  June  30,  197 
Dynatech  Report  Number  1631. 


OTHER  INOIVIDUALS  TO  WHOM  INVENTION  »»«S  OISCLOSEO 
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DJITF  OtSaOSFO 


ItYAC  /Oesl  •*  *n 

17 


t.  AATf  RM  PkACt  OF  OTHCO  TtfTO  00  OPtARTIOi 

Rone 


' PMI  OKlUCTf  (i»*l  •*••  4*4  444****  4/  *i<4*is*s  4*4  k4ts*i/7  fP**««l  i*«4ti*4  */  p««*r4*) 


1.  lacHftrv  *»T  FAIT.  ptcsiRi  00  cowTomatto  wsi  00  4wouc4TioiiorT>tcii»*€iiTi«i  1 c IS  xntenu€u  cfisc  ismindccs  or  poj.y“E  “capr( 
tone  (PCL)  with  fabrics  knit  or  woven  from  PCL  fiber  with  or  without  admixture  with  other 
compatible  fibers  be  used  as  a synthetic  skin  for  the  treatment  of  wounds  in  which  areas 
the  skin  have  been  damaged  by  fire  and/or  chemical  bums. 

I.  CLOSELY  RELATED  RATENTS.  RATENT  ARRLICATIONS  AND  RUBL I CAT  I OHS 


F 


1 » 


I L 


%Vr«f«rB  BNtn  •wh«t«ttiig  •m  ai»cl»*Hr«  i*  tk«  0*p«rtBt«it  ml  lh« 

9«vy*  CBpi«t  tKowlA  b*  priBttA  mt  tyfi  bnA  {•fmmr4»4  !• 

li*vp  ?0t0mt  r*pr*»«Ai  •!  I *•  i » th«  ar**  pr  rfiractjy  c*  ib*  OMica  •!  N»»> 
ttl  KbbBBfcb  •!  tb«  abev*  «tldr#a«.  bbara  apac*  aa  far*  ta  taadagaata.  aatar 
paga**.  tdaatifv  itaa  by  aaabar  and  aaa  plain  pagan  an  naadad. 
anaplataly  aiacaiad.  thta  far*  bacaaaa  an  iBpattaat  lagal  dacaaaat  aaa* 
fdl  i»  araaiAg  ppiariiy  mt  intaniian. 


rod  use  iv  atAvr  rgrcNT  ACTivirv 


»•(!«?  •ctiatfw  faaa*| 


a*tc  atiaawai  a«c«ia«a 


can  aa. 


1.  INVCNT0AI4I 

APONHS 

PC5»Tl'*N  TITLE 

e«^L0V[*  fArdmtty  d Cm*  Ao.,  «*  Cmmn*  d ••'S/rrrI 

John  B.  Gregory 

19  Concord  Road 
Way land,  MA  01728 

Engineering 

Director 

Dynatech  R/D  Company 

99  Erie  Street 

Cambridge,  MA  02139 

t.  MOCaiRTiVC  TlTLC  or  iNvCNTia*  fOi*«<«**  «/  .••••usm  »•  0*rt  tt  m *«••*••) 

Modification  of  a solution  of  poly  c caprolactone  (PCL)  used  as  a burn 
covering  by  incorporating  a platicizer  for  the  PCL. 

•CCANaCmoio  irOiOiR*  naiSirtCA* 
noN  OH  laviNTion  AiBa-oiwAi 

3.  cc’.cff’ric 


rt*{.  d»:rog;s  a«.3  grr:'\  rs  cf  ffpsi"  ^^C£c 


a>  laaiUsT  e«Tt  wo  »iac(  iM»CMTien  •4S  coocii«co  f/dmiif*  #•'!•••  «•««  !»<***$  I»  ««f«  aiard 

On  November  3,  1976  John  B.  Gregory  coceived  or  the  use  ot  plasticized  PCL  fiber  and  instrue 
Jane  L.  Knowles  to  prepare  solutions  of  poly  C caprolactone  containing  plasticizer.  The  sol 
utlons  were  prepared  on  November  5,  1977  at  the  Dynatech  R/D  Company,  99  Erie  Street,  Camb- 
ridge, MA.  See  Notebook  page  26326. 


••fo"urtfi’‘Xnriuari?eportTrironllr-a'c't"?:t)t)tfU-'^‘3-e-m?'SaV4a*'¥/^^^  This  is  Dynatech  Report 

No.  1521,  Progress  Report  on  Contract  N00014-73-C-0201  dated  July  18,  1977.  (Dynatech 
Report  No.  1631). 


a«  PATK  ana  rcici  or  cDMri.cTioN  or  riasT  oataArme  moil  o«  rxict  utt  ocvici  mo  iti  rocsimt  cocaTiat 

Dynatech  R/D  Comp  y,  November  5,  1976. 


d*  aaft  ana  RLACC  or  riosT  TCST  oo  orcaaTion  aao  mt  aciuLTS  fCtaa  aaa*  aa4  aM*a«*  a/  a««a**aa*.  aatf  ^rataai  lacaltaa  a/  **carO*> 

On  Hay  23,  1977,  one  quart  of  plasticized  PCL  wipe-on  coating  was  sent  to  Captain  Charles 
Burgoon,  D.V.M.  at  the  Naval  Medical  Research  Institute  (NMRI) , National  Naval  Medical  Center,  Set) 
esda,  MD.  On  June,  27,  1977,  John  B.  Gregory  and  Donald  L.  Wise,  Ph.D.  of  the  Dynatech  R/D  Compaaj 
observed  the  tests  at  NCfRI. 


d.  OTHCd  PgCQffOS  (Notebook  onfrioa.  <te$cr ipe ion* . rtportt,  drtwtnjt , *tc.) 


lODiTIFICATlON 


Tfie  following  notebook  pages  cover  the  trial 


-.**0  — I — o — 

to  date  of  various  plasticizers  and  proporti 
of  plasticizer  to  PCL:  26320,  26323,  4,  5,  6, 
26366,  7,  8,  9,  26370,  1,  2,  3,  4,  5,  6,  between 
November  5,  1976  and  March  3,  1977. 
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DATE  OF  DOCUMENT 


FAESENT  LOCATION 
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S.  OTHER  INDIVIDUALS  TO  AHDM  INVENTION  bAS  0 

ISCLOSEO 

NMTE 

ACTIVITY  0«»  COMMAS''  INDIVICU*U  AlP»EStNTS 

I CATC  BISCLOSEO 

Arthuf  2.1  Callahan.  M.D. 

Biological  and 

Oral 

Kenneth  W.  Sell.  M.D. 

Medical  Science  Division 

and 

Comm-'indpr  James  Rond 

nffir.p  of  Naval  Research 

[ 

Written 

r 
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P.  fATC  ANA  RIACi  or  OTmIB  TIB15  00  ORINAfiOMS,  MO  Thc  IllUiri  fitsl  •«•*  9*4  *40rt$*  •/  ««#•*««*«  m»4  /**S*»I  l•*sl»*•  •/  r««*fOs> 

none 


f.  lOCMrifT  ANT  RAIt.  ROCSIMT  «•  CONTtMTlArfO  NSC  Ot  RutlKanON  OR  fwC  INsmTlON 


It  Is  Intended  that  direct  application  of  a solution  of  plasticized  PCL  to  a burn  be  used  in  an 
emergency  to  control  evaporative  fluids  loss  from  the  body  and  promote  healing  until  the  time  thi 
victim  can  be  transported  to  a burn  treatment  center. 


8.  ClOStLY  HCLAtrO  PATtN^S.  PAlfM  APPUCATlONf^  PL  It  1C  A t I CSS 


PATENT  0»  A^'Al  fr-ATirv  m OATf  1 

1 •'■ni  iCATKN  NiMf  «NO  r*TC 

, _.j__L wn 

(it¥0t  t 
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0**^Cll**  < HlVVailvn  («tii«  ru«<plvlriy,  MClfif  *>•»  •< 

h«  u.  •}.»#  •lUc  l***..f*..  Vmm 


I.  CKNRnAL  Punrose.  St«l«  »«  itra*  tH«  aaraat* 

• •kjccta  %t  tH«  I n*f  Hi  i«iit . 


switch**,  and  atii#r 

• •Iditianal  |»l*ia  p»f  ••  t«  c#«pl*«a  ika  4iacU*«f 


®ACICCiPOUNO . Dtacrib#  tb*  aid  ■vttiad*.  aaiariala  mf 
• pparaiaa  atad  ta  p«r(or*  ih«  of  ih^  tavaatiaa 

ft**  Uair  liatialtaaa  aad  d i ««d taa t at«* • 


S.  AI.Tr.MNAT|VFS.  ladicata  •my  altaraaltfa  aatbada 
•aiariala  •r  caaacractiaaa  af  iba  laaaattaa. 


4.  CONTPinCTIONS  OY  ISVEMTOHS.  If  tAio  ia  a )#!•(  aa. 
*aatiaa,  ladxatt  aHal  aantribaiiaa  aa*  aadt  bv  aa« 


1.  OeSCfUPTrO?<  and  OPtn.\TlON  0«>»ertb«  Clcarlr  ••4  fm- 
Yk#  canacryctiOA  of  tka  tAicntton  and  fi*o  a 
^•bai I ad  daaa r I p 1 1 Oft  of  ata  oparatioft  and  aoa.  |a  tka 
dateriptioft,  aac  reference  cKar*clara  to  rtfar  i#  caa« 
P*b4Aia  ia  atcackad  a 1 luat r a c i ana. 


4.  advantages  AND  NEt  EEATlflES.  Stata  ch«  adxntaraa  af 
Aka  iavantian  a*ar  tka  old  ncckoda  deaertbed  tn  pafa* 
A2  abata.  and  cbt  ftacuraa  baijerad  (a  ba  aaa. 


7.  FXECUTfON  or  ntSCLOSenE.  Tka  aad  of  tka  diaelaaara 
akaald  ba  ai|nad  and  datad  hy  tka  i r.  van  t or  ( a ) . • la 
•Edition  to  anv  aiRnataraa  in  Part  I.  Tka  diacla* 
aara  akaald  tkan  ba  raad  and  vndaratood  bv  two  tack 
, aicalfy  qaaiifiad  aitnaaaaa.  I'ndar  mvantorfal 
• aiiaaiaraa.  tntar  tka  atataoant:  '•Oiaelaaad  to  and 
andaracaad  hy  aa  on  (data/.**  Tka  toe  oitntaaaa 
akaald  aign  andar  tkia  atataaaat. 


p.irp'iaa  nf  tMa  IfivanHon  la  to  rofttrol  tl.«  cvnporntlva  ^atar  loan  fro*  aewere  fla.h  barna  durlns  »W  tn»^aUtv  noal  burn  ncrl«y.  Tl.la  la 

^?!I  ***  poly.f-c»prolactona.  (fCU  by  -wab  or  by  array  froo  an  aeroael  rontamar.  Tka  aoWait  tvaporataa  altar  aii 

loaylng  a tliin,  flaslbia  (tla  vhlcb  ouccaaafMlly  controla  tha  loaanalbia  aatar  loaa  fro«  tha  buraad  araa.  ^ 


IMOO  iirac  aid  craataanca  ara  appixad  diraeciy  to  eka  bwrs  aod  r««al«  ekara  Mitii  cba  ricti*  cao  ba  craacad  vtth  aora  aopbiaclcacod  aackoda. 
(Cmp  and  Klnnay,  Surg.  Clio.  d.  Aaar..  W (6)  Dae.,  1970,  and  Reato,  at  al.  Ana,  d.Y.  Acad.  Scl.,  ISO  Aug.  14,  1944). 

3.  Oaaariptlen  and  Opvration 

Tka  Invcncl'/n  |«  .»  ftuluti»n  of  bCL  vhlrh  can  ba  apnllad  dlraetlv  to  a flash  hum  h«  auah  h.  ....w  am  « aa,.  _ . 


ISvirrCiJ^h  J!  -A?‘"Kr^4A  *•"  ^ dlraetly  to  o fUoh  burn  by  auab  or  by  apray.  fCl  (aol.  ui . J.OOO  - XO.OOO)  la  a btoderrajabia 

Iki^i  m ‘ UQuUa  such  aa  acatone  and  Ctcrahydrofuran.  Whan  tha  polynar<aolvaat  aelutlon  la  apraad  ovar  a aurfaea  (€*g  a burn  uourdi 


tura  barrlar  and  mnemta  ^ lo  u.ui  »cnc»  cniCBi  oi  tn«  poiyMf.  Thla  fllo  raplaeaa  tka  daatreyad  natural  karacto  ooU 


tack  a ,UtcUli.<l  rcL  ..lutlo.  .nil  ■»»  ,U.tlcl<«l  ra.  ..l.tl..  «...  •«.  t.  C.,t.U  hit,...  I.r  ...loatloa.  TTi.  X.raul.t  «tr.  ..  (.11m; 


Nly  c caprolactooa 
Triatkpl  clcrata 
Mathyl  aettata 
Hatkylcna  chtorlda 


»o«  Plaatleltad 

100  g 

Aooa 

300  b1 
200  ml 


Flaatleliad 

100  g 

»f 

1200  Bl 
300  b1 


to  third  dagrtt  burnt  obtatnad  by  praaalng  a 2.22  Inch  dloMCr  iron  h.actd  to  gSCagaloat  tha  ahavan  flank  of  the  pig  J 
TarioiiB  eiBaa  yarylng  from  »0  to  45  aaconda  and  than  brushing  tha  burned  area  with  cha  wlsa-on  eoatlna.  Som  ol.s  ki*r«  tr»at»A  %.<rk 


oai  • I ‘'5  aaconda  and  than  brushing  cha  burned  area  with  cha  wlpa-on  coating,  Sobc  plat  vara  traatad  vlth  tha  non  pUstlclsad 

iltTv  “’'f"***.*'**  MrgmaUy  affective.  Tha  solution  cOQtainir.,;  piusti 
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OTNEa  PUtLICATIONS 
CiMinkaf  AtMtracti.  Vol  wol  7«,  123111. 

Primary  Kxamintr—Ptt&ahck  E.  WaddtN 
Anomay,  Agern,  m firm— Ekhard  S.  SclMcia;  Don  D. 
Doly;  Harvey  A.  David 

(37)  AtSTtACT 

A preparation  and  a meiliod  arc  dcKribed  for  cnier* 
gency.  interim  treatment  of  estctiaivc  bum  injiiriea, 
e.g..  flaih  bums,  to  external  portkma  of  a peraon.  A 
solution  of  the  polymer  poly>*<aprolactonc  is  a vote' 
tile  solvent,  such  as  acetone  or  tctrahydroforaii,  is  ap- 
plied to  the  bum  area  by  spraying  or  swabbing,  so  tlM 
upon  evaporation  of  the  s^vent  a film  of  the  polymer 
is  left  to  serve  as  a harrier  to  insensible  water  loas. 

I Claim.  No  Onwh^ 


1 


3.933,308 

bwM  aad  ollMf  titmitvt  iMjHfin  to  iIm  ikto  may  oc- 
cur. 


WOUND  COVniNC  AND  MITMOD  OV 
AmJCAllDN 

STATBMeNT  OF  OOVUNMCNT  INTERBST 

Tho  hi«ooNoo  <cicrWc<  iMroto  iRoy  be  OMiwflK-' 
torod  cod  Hi  by  or  ter  too  Oo»>rmitom  of  tito  Uwltod 
Stotoo  of  Aotoftea  Im  OovotiMomial  porpom  wMwiit 
We  poymooi  of  aoy  royoMH  dtoroon  or  therefor. 

FIELD  OF  THE  INVENTION 


SUMMAEY  OF  THE  INVENTION 

* The  preeoM  bireHoo  afoH  to  ororoooM  eotoe  or 
iMwy  it  toe  dltodveMafH  ood  toortoomtafi  dF  toe 

prior  art,  «Wi  reepact  to  ea^^  ael^jtd_^b^ 

dttooleo  toot  a tola  pleetic  IDei  oFpaly  e eapretotoede 
'®  forotod  dhoctly  on  too  irfoee  of  a bara  teoodd 

adhere  toeroto  aad  wM|  cootool  laaeaalblo  flatd  lea  by 


Thh  lovcottoa  relatoc  to  too  treatment  of  bom  evaporatfoo  eo  ae  to  occor  at  a eatalaoNaly  aortool 

mooodi.  aod  aort  particolarly  to  a method  and  maane  rata,  aad  that  each  a Mm  can  bo  effocllvaly  feratod  by 

for  proeldtog  eoch  treatment  m a ••Writ  ato"  eapedlent,  applytofaeohittonorpoly-e-caprolactoMlaaMiMMa 

aod  a*  thooa  ae  put  of  more  eophhtfcatad  tupportWe  aolvent.  each  ae  acetooo  or  letrahytooforao. 

treoimeat.  With  the  feropotof  in  mtod.  h ia  a prtoctpoi  ob|aet  of 

Shock  ia  a auior  caaac  of  death  in  the  immediate  the  invention  to  pro^  an  bnprovod  wound  lorortof 

ported  foltewhn  a aevere  bam.  tach  at  a flaah  bam,  wWeb  ■ witable  for  flm-aid  aae  oa  borne,  ia  hDI- 

over  large  portiona  of  the  body.  A primary  caaac  of  cicntly  compatible  with  haman  toioe  and  toddi  to 

ihock  haa  been  recogniied  aa  the  eiceaaive  loea  of  body  adhere  to  a bam  woand  for  a aaafol  parted  of  tone,  and 

llaida  aad  protein  through  the  ^med  areaa.  Thh  teae  h notably  effective  in  meintaininj  flaW  bolanoe  in  a 


ocean  primarily  through  evaporation,  aitd  the  proceaa 
ia  not  viaibic  or  otherwiae  readily  detectable  to  the 
labjact  or  obaerver.  The  lota  h therefore  termed  inaen- 
tiMe,  althoagh  the  reaulta  thereof  arc  dramatically  ap- 
parent in  the  shock  proceaa. 

Many,  if  not  moat,  bam  accidents  occur  under  cir- 
cumttancea  that  make  it  impotaible  for  the  victim  to 
receive  immediate  supportive  treatment  in  a hoapital.  jq 
Such  ia  the  caae,  for  example,  with  disasten,  accidents, 
or  conflkta  occurring  in  remote  areas,  at  tea.  or  under 
other  adverse  conditions.  Accordingly,  there  hu  long 
been  a need  for  suitable,  adetiuate.  readily  available, 
and  easily  applied  bum  treatment  that  can  be  adminit-  35 
tcred  by  relatively  unskilled  persons  at  the  scene  of 
injury. 

DISCUSSION  OF  THE  PRIOR  ART 

in  the  past  there  have  been  used  various  creams,  40 
greases,  sprays,  and  homemade  concoctions  designed 
to  tooth  and  protect  the  wound,  immediately  following 
a bum.  as  a first-aid  treatment.  In  general,  these  have 
been  meffective  in  stopping  insensible  fluid  and  protein 
loss  through  the  bum  site  and  have  been  messy  and  ss 
difficult  to  apply  The  laner  factors  arc.  of  course, 
deterrents  to  effective  use  by  unskilled  persons  in  a 
first-aid  situation 

In  addition,  there  have  existed  various  coverinp  for 
bums  and  similar  wounds  requiring  covering  of  a sub-  so 
stantial  area  for  extended  periods  of  time  during  the 
skin  regeneration  and  healing  process.  These  have  in- 
cluded skin  grafts  where  the  skin  was  obtained  either 
from  another  person  or  animal,  or  from  another  area  of 
the  injured  party  Also,  there  have  been  provided  vari-  SS 
out  sheets,  foils,  and  webs  or  fabrics  made  from  various 
synthetic  plastic  materials,  animal  collagen,  and  the 
like  Examples  of  the  latter  arc  described  in  U S Pat. 

No  3,491,760  to  Bernhard  Braun  et  al.  Um  of  bum 
wound  covenngs  in  the  form  of  fibrillar  products  com-  60 
prising  pulyglycolic  acid  are  alluded  to  in  U S Pat.  No. 


subject. 

Another  object  of  the  inventtea  is  to  provUt  ■ town 
woand  treatment  materials  wkich  can  ba  atorad  for 
prolonged  perteds  of  time  in  a conventent  aste  luadBy 
uuMc  form,  withoai  any  requirement  for  spacial  stor- 
age facilities  or  conditions. 

Still  another  object  is  the  provision  of  bara  traaimcal 
material  of  the  foregoing  character  aad  oomprtsfog 
poly-s-caprolactonc  in  a solvent  or  vehicle  tom  wM 
■apidly  evaporate  after  application  to  a wound  sarfocc 
to  leave  a thin,  covering  film  of  the  poly-e-captoinctone 
adhering  to  the  wound. 

At  another  object,  the  invention  conternplmm  toe 
packaging  of  the  poly-r-caprolactanc  and  ha  solvent  in 
a container  having  meaiw  for  ejecting  the  contanis 
thereof  in  the  form  of  a spray  or  aera^  onto  aa  af- 
fected area  to  be  treated,  tach  m a flaah  bara. 

Yet  another  object  of  the  mvention  is  to  provide  a 
■nethod  of  bum  treatment  inchidiag  the  steps  of  form- 
mg  a solution  of  poly-r-caprolactone  in  a volatile  sol- 
vent, applying  a layer  of  the  tohition  over  a turfoce  to 
be  treated,  and  allowing  the  solvent  to  evaporate  so  as 
to  form  a film  of  poly-c-caprolactonc  having  a thick- 
ness in  a predetermined  range. 

The  poly-s-caprolactone,  with  which  the  discovery  of 
this  invention  is  concerned,  it  a biodegradable  aohd 
polymer  having  a molecular  sreight  in  the  range  of 
2,000  to  300,000,  and  which  polymer  is  aolabis  in 
liquid  solvents,  specifically  acetone  and  tetrahydrofo- 
ran.  U S.  Pat.  No  3,02 1 .309  to  E.  F.  Cos  el  al  describes 
the  polymer  poly-«-caprolactonc  and  hs  grncration. 
The  chraical  derivation  of  the  polymer  per  ae  ia  not 
considered  to  be  part  of  this  invention,  pnty  s rsprnlaf 
tones  having  been  known  in  the  chemi^  arts  for  many 
years  now,  as  is  evident  from  that  pment.  Moreover,  as 
alto  pointed  out  by  that  patent,  the  polymer  cormsreed 
it  soluble  in  acetone,  and  n capable  ol  being  formed 
into  films 

What  it  considered  to  be  a notable  advancement  in 


.1.739  773  to  Edard  E Schmitt  et  al  Thovi  ' um  wound 
Loveringt.  and  particularly  those  cumpiiMiig  foams, 
gells  or  foils  of  collagen  or  other  moist,  conformable 
dressing,  require  special  storage  techniques  and  facili 
lies  that  lendei  them  quite  impractical  to  have  avail 
. ' .1  hir  in  iiirilialt  use  jv  ,<  lllsl  aid  siipplv  iii  \jrMius 
. ; Ii'tiiltd  1. 1 ilil,  i-l.i  I'v  aheie  Mash 


the  medical  art  it  our  discovery  that  a sohition  of  poly- 
r-caprolaclone  in  a volatile  solvent  can  be  spphsd  ^ 
rectly  to  a bum  wound  surface,  and  that  the  sotvent  win 
63  evaporate  to  leave  a thin,  flexible  film  or  skm  ofpoly-e- 
caprolactone  that  will  adhere  to  the  wound  surface  and 
will  efteciivelv  control  the  evaporative  water  loss  from 
.1  severe  hum  during  lh<-  immediate  pc>st  bum  period 
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aai  wM  «on  Mppoftiva  b«tni  twaanwil 

CM  kc 

DBSCMmON  OF  TUB  PtBPEBBED 
EMBODIMENT 

la  caifylat  oat  Em  iavoatioa  it  ii  ptafenwt  ctai  ihc 
•olMloa  of  tetf  $ ccpiolactoac  bo  prapaiad  wMi  ■ 
HivMt  Em  b oolaEli  md  wlMaarialty  oon-irriuiiiig 
lo  a labiact  wIim  cppliod  Ewialo.  Accordhiify,  in  an 
auaiMary  ambodimont  tkc  aoWaat  may  compriM  the 
Eqaid  aottoac,  and  the  prepared  eohition  may  be 
plaoad  in  a latobit  container  for  prolonged  norage  in 
contemplation  of  poeeible  future  emergency  um. 

In  aonte  inalanoca.  it  may  be  desirable  to  utilite  a 
oootaincr  that  has  spraying  capability,  such  at  the  con- 
ventional acroeol  spray  can.  A suita^  propellant,  such 
aa  that  sold  under  the  name  Freon,  may  be  inchKiad  in 
a preaturized  state  in  the  container  to  facilitate  spray- 
ing of  the  solution.  Ahematively,  the  solution  may 
storrd  in  a container  without  spraying  capability,  with 
the  mtention  of  applying  the  solution  to  a bum  by 
means  of  a swab. 

When  an  injury  occurs  that  removes  or  destroys  the 
normal  water  reuining  capabilities  of  a subject’s 
keratinaceous  tissue,  for  eiampie  in  the  case  of  a se- 
vere abrasion,  flash  bum,  or  the  like,  the  poly-c- 
caprolactone  and  solvent  solution  is  applied,  either  by 
spraying  or  swabbing,  as  a coating  over  the  entire  in- 


of  Em  pohMcr  b talk  adharad  la  Ew  wmmi  aaiMar 

TMa  Mm.  wMch  b pialbraMy  la  *a  EEAm  MM^ 

about  0.000S  tach  to  0.01  tack  la  EErbaan.  nfite 
* iba  dsatfoyail  natural  karaEa  metatan  barrtar.  Oaaa 

ba  ramovad  and  tiaditioaal  bum  tnaimoai  bapw- 
Obvtouahr.  other  ambodtaiaali  and  atodMcaEoua  of 
theml^tevantion  WIN  madEy  eoum  to  the  tu^ 
one  skilled  in  the  art  having  the  baoafit  of  the  toaebtop 

presented  In  the  foregoing  deacription.  It  b.  theiafare. 
to  be  understood  that  Eib  invention  b not  to  be  MaNtod 
thereto  and  that  said  modifications  and  smbodimsnii 
arc  intended  lo  be  included  within  the  scope  of  the 
appended  claims. 

What  b claimed  b: 

I.  A method  of  treating  an  esienarve  bum  injury  to  an 
cstcmal  portion  of  a peraon,  comprbing  the  alepe  of: 
spraying  a layer  of  a solution  of  poly-e-capsotactoac. 
having  a molecular  weight  in  Em  raape  of  2X100  to 
300,000.  in  a volatile  solvent  comprbing  ignid 
tetrahydrofliran  onto  said  estemal  poftioa; 
allowing  said  solvent  lo  evaporate  so  aa  to  leave  a 
thin,  flesiMe  film  of  said  p^-e-caprolactooe,  hav- 
ing a thkknem  of  about  O.OOOS  inch  lo  0.01  inch, 
adhering  to  said  portion  so  as  to  form  a barrier  to 
body  fluid  lorn  therethrough. 
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